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@ Process for the production of biologically active protein (e.g. TGF). 



@ The Invention relates to a process for the production of biologically ac^e, dimeric TGF*^, to novel 
TGF-ps and phannaceutfcal compositions compiising it TGF-p jHoduced by Ws proc^ can be used 
In vadous therapeutic modalHies. 
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PROCESS FOR THE PRODUCTION OF BIOLOGICALLY ACTIVE PROTEIN 



The present Invention relates to a process forthe preparatfon cyfUolo^fcally active, dlmeric^ TGF-p (Trans* 
fbmilng Growtti Factor lype p). to novel TGF-ps, and phaimacetitica! compositions comprising It TGF-p pro- 
duced according to the Invention can be used forthe promotion and acceleration of wound healing and tnine 
and ^sue repair, the treatment of cancer, as a bone mantiw protective agent, mediator of cardloprotocBont 
anti Inflamirataiy or Immunosuppressive agent or as a growth regulator In nrnmn^dlan c^l outturn 

Background of the Invenflon 

Two growth modulating proteins have originally been characterized iiy their abOHy to reversibly Induce 
phenofypio tnansfomiation of mammalian cells In vitro and have therefore been designated as Tnansfomnlng 
Growth Factors type a and type p (AiKano, M*A. et al« (1983) PNAS 80, 6264-G268)« Despite their common 
nomendature TGF-a and TGF-p have shown to be both sfnicbirafly as well as functionally entirely distinct pro- 
teins each acting through Its own unique receptor system. TOF-a which competes with epidemnal growth lector 
(EGF) for binding to the same cell surface receptor (Todaro, G J. et al. (1980) PNAS 77, 5258-5262} and which 
shares sequence homologies and similar actlvl^ with EGF (Marquardt; et al. (1984) Science 223« 1079* 
1082) is synthesized as a transmembraneous precursor of 159 amino acids and (s proteolytlcally processed 
Into a peptide of 50 amino acid residues ^eiynck, R. et al. (1984) CeD 38. 287-297)* As a potent mRogen for 
mesenchymal cells, TGF-a is produced and released by numerous transformed cell lines and human cancers, 
but Is also expressed in acfivated macrophages and In other nomial tissues, Uius makhg Rs role in neoplasia 
stOI unclear. 

TGF-p was originally purffied to homogeneity finom human platdets (Assolan, RK et al. (1983) J. Biol. 
Chem. 258, 71^7160), human placente ^roIOc, CA et al. (1983) PNAS 80. 367&388t9 and bovine Mdn^ 
(Roberts, A.B. etal. (1983) Biochemistry 22, 5892-5698) and identiRed as a homodimerfo protein with a molmi- 
lar mass of 25.000 D. First characterized by Ite abH^y to act synerglsficaily with EGF or TGF^ to induce an- 
chorage-lndependent growth of untransformed NRK cells, recently, TGF-p has beenshown to exhibit numerous 
regulatory effects on a wide variety of both nomnal and neoplastic cells Indicating the importance of this protein 
as a muItHunctional regulator of cellular acfivRy. TGF-p may either sfimulate mitogene^, cell proliforallon and 
growth, or may eff^sctlvely inhibit said processes, or may exhibit other a^ons tike ejg* control of adipogenesis, 
myogenesis, chondrogenesis, osteogenesis und bnmune cell function, sQmtdatlon of chemotaxis, or indui^on 
or inhibition of d^ferentiation depending upon the cell or tissue type, and the pr^ence or absence of other 
growth factors. Many of ^e actions of TGF-p are related to the r^ponse of cells or tissues to stress or injury, 
and to the repair of resultant damage. Alter inflammation, TGFf plays the major role In flie formation of granu- 
lation tissue, increases the expression of genes associated with extracellular mafrbcfonnaBon such e^fibronec- 
fin, collagen and several protease inhibitors and stimulates a}U^en-matr!)c contraction t^ fibroblaste, 
suggesting Ite possible role in connective tissue contracfion (Roberto, A. and Spom, MA (1988) Adv. Cancer 
Res. 51, 107-145 ; Spom, MJB. and Roberto, A. (1989) J. Amer. Med. Assoa 26% 938^1). 

Untfl now, three distincttypes of TGF-ps designated as TGF-pl, TGF-p2 andTGF-p3 which are foncfionally 
doseiy related and share a high degree of receptor cross-reacSviiy have been doned and characterized fay 
sequence analyst. All TGF-ps are synthesized as 390 to 412 amino add precursors that und^o profeolyQc 
deavage to produce the monomerlc forms, which consist of the C-termlnal 112 amino adds. In thefa- mature, 
biologically active forms, TGF-ps are add- and heat-stable disuHlde-ilnloBd homodlmers of tyvo polypeptide 
chains of 1 12 amino adds each. The complete amino add sequences of human (Deiynd^ R. et al. (198S) Na^ 
ure 316, 701-705), murine (Deryndc; R. et aL (1986) J. Blot* Chem. 261, 4377-4379) and simian TGF-pl (Shar- 
pies, K. et al. (1987) DMA 6, 239-244} show remarkable sequence conservation, diflfering only fna single andno 
add re^due. Comparison of the amino add sequence of human TGF-pi, human TGF-p2 (de MarUn, R. et al. 
(1987) EMBO J. 6. 3673-3677 ; Marquardt, H. et al. (1987) J. Biol. ChOTt 12127-12131) and human TGF- 
p3 (Ten DQIo^ P. et al. (1988) PNAS 85, 471&4719) has demonstrated that the three proteins exhibit In their 
mature fonns about 70-80% sequence idenlft/. A heterodbnerfc TGF-pl.2 has been Isolated from pordne 
platdete and constete of one subunit of TGF-pl disulffde^lnked to one subunit of TGF-p2 (Cheifets, 8. et al. 
(1987) Gen 48. 409-415). 

Recency, attempte have been undertaken aiming to prcKluce TGF-ps lymeans of recombinant techniques 
rather than Isolating these factors firom natural sources (e.g. pls^ete) In order to obtain sufUdent amounte for 
testing In various thmpeutic modalities. However, It has proven to be extremely difticult to ^fiteslse recom* 
binant TGF-p while retaining ite biological activity. As can be seenttomthesequences depict in flie sequence 
listing under SEQ ID No. 1, 2, and 3, the 112 amino adds contabiing mature fonns of TGF^I, T6F-P2 and 
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TGF-pS contain 9 cysteine residues each, at least some of which are Involved in infrachain and btterchaln dis- 
ulfide txsndfbimafion which resultein the complextertiafy stiuctureof the biologically active, dbnericmolecules. 
Heterologous expression of TGF-^ may lead to a product which, although having the correct prfmaiy sfnicture, 
laUs to fold properly to produce the correct secondary or tortiaiy sfnictures and which, therefore, lacics Ihe 
biological acth/i^. 

To date, the secondaiy and tertiary structures of TGF-ps are unknown. 

Taking the complexity of the native TGF-p molecules Into account, ft has generally been considered expe- 
dient to express the r^pedive TGF-p genes In cans derived from higher organisms. The ^resskin of simian 
and human TGF-pl in Chinese hamsterovaiy (GHO) cells underthe control of the 8V40 promoter Is desoibed 
In Birapean Patent Applicatfons 293*785 and 200.341 , respectively. Recombinant TGF':p2 could be expressed 
In the same c^ line as disclosed in European Patent Application 260«561 and in German Offonlegungsschriit 
38 33897. Eiilcaiyofic 0)q)resslon of a foslon protein of TGF'fS (with TGF-pi) Is disclosed In European Patent 
Application 267.463. 

Although expre^Ion of recombinant TGF-ps can be achieved In eukaiyoffo systems, the ^ddsof bldogl* 
cally active. mrecUy folded material obtained are still far torn being satistectory. On the other hand. It seemed 
unlikely that biologically active TGF-p muld be obteined when the respective gene was expressed in a microbial 
host, since In e.g. bacteria the intracellular conditions are not conducive to refolding, disulfide bond fonnation 
and dlsulfide^tebmzed dimeifzation which is apparantiy essential for activity, thus, only veiy little bidc^ically 
active TGF-P2 could be obtain^ after expression of the respective gene in E. coH under ttie control of the 
lambda pronrater as described In European Patent Application 288^61. Tills lack of activl^ is considersd to 
faeduetotiiefoctthatthe biologically active, dimericform ofTGF-p2 foils toformspontaneouslyfinomtiieiriorio- 
merle pr&nary translation product when exposed to tiie reducing environment Inside the bacterial cells. Anotiier 
report d^ciibea the expresston cf TGF-p cDNAIn E.ccU under tiie control of the trp promoter yiddlf^ a radioac- 
fively lat>elled protein t>and with an apparsnt molecular weight of 13'000 D In an autoradlc^pnam of a SDS pdyao- 
lylamlde gel, but no activl^ v^s measured (Urshlzaki, Y. et al. (1 987) Tumor Res. 22, 41-56}. 

When recombinant proteins are produced at high levels in f>acteiial (such as E.coiO ^cpresskin ^stents, 
they often appear In the form of highly Insoluble intracellular predpitetes refened to as Indusion bodies or lef- 
lactae bodies (Broms, D.ISL etal. (1985) Biochemistry 24. 7662) which can be recognized as brtgMspotei^lble 
within the endosure of the cells under a phase (X}ntiast microscope at magnifications down to 1 000 fdd Th^e 
fndudon bodies, whldi can readily be separated from tiie soluble bacterial proteins, contain the recombinant 
puOBln In a rrKssffy denatured and reduced form which does not^lbltfhefonctional adlv^oflte naturd coun- 
teipart and which thereforo Is useless as a commerdd prcKlu(± 

It is therefore generally agreed, that the recombinant rstecfile protein has to be solubOlsed under ccmdltions 
which are suilatde in maintaining it in ftsdenatursdfonn and subsecmenttyti^tobe refolded in ordertoundergo 
the transition ftom the denatured unfolded form to tiie proper, fonctiond^y active three-dimendond sfnicture, 
the conftmnation of which is stabDized by relativdy weak interatomic forces such as hydrc^en bondbig, 
hydrophobic Interactions and diarge Interactions. In the case of (^teine contaidng protebis this process may 
dso Invoh^e fonr^on of disulphlde bonds. When the fomnation of disulfide bonds Is chemically pronrated, the 
fonnation of Inconect Intramolecdar and, in the case of dlmeilc ormdtlmENlc proteins, intemndecular tuldges 
should be prevented or at least minimized, since the fomiation of undesired, incon'ectiy folded isomers may 
yield non-homogenous materid, thus complicating tiie further purification of the protein having the desired, 
stnichire. or may generate a protein vriXh reduced actfvi^. 

A number of publlcatione have appeared which report refolding attempte for indl^ud proteins produced 
fai bacterid hosts, or which are othenn^e In a denatured or non*-nathre form. Fomnation of a dlimeric; bld<^loally 
active human cdopy stimulating liurtor-l (CSF-1) alter expression In E, ooH Is described bi PCX Application 
No. 88/8003 and by Hdenbed(, R. et d. (1989) Bbtechnology 7, 710-715. The procedure described Invdve 
the steps of Initid mlubllizdion of CSF-1 monomers Isolated from biduslon bcNfles under redudi^ conditions 
In a chaotropic mvtonment comprising urea or guanldlne hydrochloride, refolding whidi is adtieved fay step- 
wise dilution of the chaobopio agents, and find o9tidation of tfie refdded mdecules in the presence atr or a 
redox-systent In PCT Application No. 88/8849 a process for recovering recombinant hterfeukiii^ (JiLrl) te dls- 
dosed, characterized In that lL-2 isolated from rdractile bodtes Is denatured under redudng conditions witii 6 
M guanldlne hydrochloride, the sduble 1L*2 Is oxidized by a controlled oxidkation in the presence of Cu^ Ions, 
and the oxidized IL-2 is refolded by redudng the concentration of the denaturant In the sdution. interieukfn^2 
and Interf)sron-p (IFN-P) have been refdded using SDS for sdubflbsafion and Gu^ Ions as oxidation promoters 
of the fkjfly reduced protdns (US Patent Na 4^572.798). The prooessforlsdating recombinant refracBle protebis 
as described in US Patent No* 4.6S0.948 involves strong denatuitng agente to soIubOize the proteins^ redudng 
condftiona to fodlitate correct fdding and denaturant replacement in the presence of air or oBter oddbdng 
agente to refcum tiie dlsuH^e bonds. Ihe proteins to which said process can be applied Indude urokinase. 
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fiuman, boi^ne and porcine growth honnone, Knterferonr tissue-^e plasminogen activator, FMD coat protein, 
prorennin and the arc protein. A method for renaturlng unfolded proteins Including cytochnmie c, ovalbumin 
and trypsin inhibitor by reverslbly binding the denatured protein fo a sdld matrix and stepwise renaturlng ft by 
diluting the denaturant ^ disposed In PCX Application No. 86^09. A modified monomeric fomn of human pla- 
telet-derived growth liactor (PDGF) expressed in E.<Mli Is S-suIfonated during purtficaUon In order to protect 
thiol moifies and Is dfmertzed In Ore presence of oxidizing agents to yi^d the active protein (Hoppe, J. et al. 
(1989) Biochemistry 28, 2956). 

The foregoing referonc^ are merely representatives of a huge amount of Ifterature dealing with the refold- 
ing of non-native proteins derived ftom drfferent sources. The man skilled In the art on the other hand knom 
thatthe success of refold&ig experiments cannot be prodlded* Unsuccessfol experiments are usually not repor- 
ted. There Is no certainly that anyone of the reported refolding conditions would work at all wfSi a given denat- 
ured protein such as TGF-p* Considering the fad; that TGF-p Is a dfmeric protein containing 9 cystebie residues 
per diain and a number of Intramolecular as well as Intennolecailar disulfide bonds, whfdi are required for 
acUvHy, It Is a particulariy difficult challenge to produce bidoglcally active TGF-p from its monomerfCi denatured 
or otherv^se non-native form. Nowhere In the lltereture Is a specific process described for the preparation of 
biologically active dimeric T6F-p from Hs non-nathre form. 

Object of tfie Invention 

It Is the object of the present Invention to provide a proc^ for the producfion of bloIoglcaBy acfive, dbneric 
TGF-p-like protein fiom Its denatured or otherwise non-native fomn. This object Is achieved fay the unseated 
finding that considerable amounts of the desired dimeric product can be obtained when the monomerfo form 
of said protein Is subjected to refolding conditions. Surprisingly, tiie production of the active dlmer Is achieved 
under various conditions in a one step procedure which fs superior over the multi step procedures d^cribed 
In the prior art for the refolding of other proteins* 

Detailed description of the Invention 



The present Invention relates to a process for the production of a dbnerio, bkilogically active Transforming 
Growtii Factor t/pe p (rGF-p}-IIke protein, comprising subjecting the denshired, monomeric form of ^id TGF- 
p^ike protein to refolding conditions. 

Tlie temn TGF-p-llke protsln** is Intdnded to embrace TGF-01,TGF^ and TGF-p3 of mammalian such as 
human or animal origin. e.g. simian, murine, porofne, equine or bovine, as well as heteiodtnerio TGF-ps con* 
sisting of two different subunits of *( 12 amino adds each. Further Induded virftiiin the definRIon are growth- 
regulating proteins of the TGF-p superfamHy sharing a sequence homology of at least about 25% with TGF-pl, 
TGF-P2 or TGF-p3, such as a T cell suppressor factor from human glioblastoma cells (OTsF ; Wrann, M. et 
ai« (1987) EMBO J. 6,1833*1 836), a growth Inhibitor bolatedlhim conditioned medium of BSC-1 monkey kidney 
cens (polyengin ; HoUey, FLW. et al. (1980) PNAS 77, 5989^992 ; Rtetow, H J. (198Q FNAS 83, 5531-5533) 
a cartilage-lndudng peptide isolated from bovine bone (CIF*B ; Seyedin, S.M. et al. (1987) J. BIoK Chem. 262, 
1946-1 949), TGF-p4 from chfdcen embryo diondrocytes (Jakowiew, S.B. et al. (1988) Mdecular Endocrinology 
2, 1 1 86*1 195) and TGF-pS from Xenopus-Uevb (Kbndalah. P. et al. (1990) J. Bid. Chem. 265. 1089- 1093), 
as well as fragments and mutants of the above mentioned proteins retaining the biological activliy. Further 
induded witiiln tite definition of TGF^p-like protein" are two fomis of bihlbln and tfireefonns of a^n (gonadal 
proteins that regulate pitultaiy secretion of foOide stimulating honnone), Mullerlan Inhibiting substance (MIS, 
which Inhibits the development Of the Mullerfan duct In mammalian mEde embryos), bone morphogenb proteins 
(BMP, a group of polypeptides Involved In the Induction of cartilage and bone formation), the transcript from 
the decapentaplegic gene complex of DrosophPa (dpp, which ads to control morphogen^Is bi the fly embryo), 
Vg-1 (the product of the Xenopus transept which Is presentin the vegetal pdeof ooiytes}, and Vgr-1, ardat^ 
mammalian gene (Mason, A. et al. (1986) Biodtem. Blophys. Res. Ccrnvnun. 135, 957-964 ; (^tte, R. et ed. 
(1986) CeO 45, 665-698 ; Wozney, J.M. et al. (1988) Science 242, 1526^1534 ; Padgett, R. et al. (1986) Nature 
325, 81-84 ; Weel@, D.L and Melton, DJV. (1987) Cell 51, 861-668 ; Lyons, K. et al. (1989) PNA3 86, 4554- 
4558). 

Prefarred TGF-p-IH^ proteins are human TGF-pl (Deiyncfc, K, et al. (1985) Nature 316, 701-70S), human 
TGF-P2 (Marquard^ H* et aL (1987) J. Bid. Chem. 262, 12127-12131) and hurmn TGF-p3 (Ten DIM et 
al. (1988) PNAS 85, 47164719) wlfii the amino add ^quences deplded in tfie sequence listing under 8EQ 
ID No. 1, 2 and 3, respectively. 

Biologically active TGF-^tike proteins are orfginaDy defined bs being capable of Indudng andiorage-Inde- 
pendent growth of untransfoimed ceO lines (Tucker, R.F. etal (1983) C^cer Research 43, 1581^1586) or Inhlbt- 
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tfng growth of neoplastic taiget ceHs (Roberts, A.B. ©t al. (1985) PNAS 82, 119-123). •Btologtcal acfivKy-lbr 
VtiB purpose herein la daRned as either 

(a) the cen mlgiafion promoting adfvify on nonnal BaIfa/c3T3 fibroblasts, which can be measured by count- 
ing flte number of cells that migrate Into a "wounded" monolayer culture of said cells. En the presence of a 

5 serum-ftee medium conttfning the TGF-fMIke protein, as compared to the number of cells that migrate hi 
the absence of the T6F-p-!Ike protein, or 

(b) the growtti promoting actwr^ on normal Balh/c 3T3 fibroblasts detennlned by the etimulatoiy effbct of 
the TGF^p-like protein on cellular DMA ^thesis and oell dhrislon, 

(c) tiie growth Inhlbfflon of /^75 melanoma cefls determined by a wrforimetrical as^y which reflects the 
io number of cells treated the TCF-p-Hlce protein for a ghren culture period as compared to the number 

of non-treated ceils, 

(d) the accelerated healing of parfial-thlckness bum wounds, by a process of re-epithellallzatlon, in old mice 
tbllowing multiple toplcstl applications of tite TGF-p-IIke pratefn as compared to untreated control wound«^ 

(e) the accelerated healing of fuO-thlctoess Incisional wounds, as detemnined tiy tensDe strength meas- 
iS urements and the histological analyses of biopsies. In adult rats following single topical applications of the 

TGF-p-IIke protein as compared to untreated control wounds, or 

(0 the Inmase in formation offibrous granulation tissue, together wKh a madced increase In vascularity of 
the said tissue, both In and around porous wound-chamber Implants In adult rate following multiple local 
Injections of tiie TGF-p-IDce protein Into the chamber as compared to untreated control chambera. 

so The monomericform of the TGF-^^IOce protein can be produced by means of recombinant DMA tedinoti^ 
or syntiieticaliy by metiiods wdl known In the art The dimerie fonm is the mature, biologically active molecule 
consisting of two dlsulfide-^lnked polypeptide chdns. 

The monomerls objected to refolding conditions which allow the recovery of the biologically active dbner« 
This process do^ not bivolve any change In the primary structure 0.e. the amino add sequence) of the mono* 

2S mer, but lelatas to tfie formation of the tivee-dimensional confomiation of the dimerto product whidh is 
associated wfth the biological activi^. This process Indudes tiie fonnation of disulfide bonds and the associ- 
ation of monomers bito dimerie structure. 

Befbre being subjeded to refolding conditions, the monomeric TGF^^lIke protein has to be present bi a 
denatured (Le. unfolded) fonn. Capable of effoctively denaturing proteins are 80H:aned dtaotropic agents well 

30 known In the art which, in aqueous sdution and In suitable concentrations change the spatial configuration of 
the respective pmtein through alterations at the surface thereof, either through altering the state of hydration, 
the sdvent environment or the sdvent-^urfoce Interaction* Examples of sudi chaotropte agents or denaturants 
Indude urea, guanldtne hydrochloride, sodium thiocyanate at omcentrations In the range of about 4 to about 
9 M, and detergente such as SDS, which are supplied In concentrations In the order of 0.01 to 2 pment Also, 

35 addtfication of the aqueous sdution containing tiie TGF-p-lIke protein to a pH of about 2 to about 4 as weO as 
basic oonditiona of ag. pH 10 and above and elevated temperatures vM resdt in denaturaOon of tiie moncnner. 

The term "refolding condttions" refers to bufl^r conditions wherein the denatured ntonomer is permltt^ to 
assume a conformation assodeted witii the bldogfcal activE^. Conventional buffer systems sudi asTri^ phos* 
phate orcBrate buffers can be us^ at a pH of at>out 6 to atiout 10* Under refolding conditions Intra- and Interc- 

40 hain disulfide bond fbrmation Is promoted. Such condftions Indude the pr^ence of a sdubHtdng agent and a 
redox system whldi permite the continuous oxidation and reduction of the thid/dlsulflde pairs. The buffer sys- 
tem may additionaily contein suHable salts. 

Suitable solubOldng agents are detergents, preforably mHd detergente, organic, watennisdble sdvents, 
or phospholipids or a mbcture of two or more such agents. 

45 Detergente are suriiace active compounds, such as SDS, Triton or Tween, used In a concentration permit 
ting folding of the TGF-p-HkB protein. Preened are mOd detergente which permit Iblding of the mmiomericTGF- 
p-like protein into the spatial conforrrmtion which after dlmerization Is assodated witii the bldoglcal adh^, 
whBe retebiing old monomtf In a sduble form. MDd detergente, urtildi sdubilize TGF-^ike proteins wRhout 
Inactivating them can be non-tonic (e.g. digltonin), cationic (e.g. N-E%3-(DloIe^Q9^-prop^-N,N,N-trteietiiylam- 

BO monhim ; ESOzgOnes, N. et al. (ig89} Blodiemtetry 28, 917d-9184) or anionic (e.g. mdlum chelate, sodbmi 
demydiolate) or zwitterlonte ones (e.g. sutibbetelnee ^witt^enQ, 3-(d^IolamIdoprop:^fanethylamnK)nio- 
l-propane-sulfonate (Chaps), 3-^hloIarddopropy0dtmetl^lamritonic>*2-hydro9^1-propane^fonate 
(Chapso)). They are prssent in the refolding buffer at a concentralkin of about 1 to 100 mM, espedany in the 
range of 30 to 60 mM. Preferred detergente are the zwitter-lonlo detergente 3-(3K:hlolamidopropyl)d!mefliylam- 

55 monlo-1-propanesuifonate and d^3-dUdaiiiIdopropyl)dIniethylanrunonio-2-hydroxy-1-propanesdforiate Most 
preferred Is 3-(3-dilolamIdopropyOdlriietivlammonlo-1^propan^tfoiiate. 

Organic^ water-mlsdble solvente can replace the detergent In the refolding buffer. Sudi sdvente are, for 
example, ao^nftrile, lower alkanols, espeddly CZ-C4 altenois such as etiiand <^l^propand, or lower alkan- 
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d!oIs, especially €2-04 allcandlols such as ethylene-glycol, at a concentration range of 10 to 50 percent per 
voltmrie. 

Altemathfety, phospholipids can replace the detergent orihe organic; water-mlsclble solvent In the refolding 
buffer. Such phospholipids are, for example, phosphatIdylethanoIaintne» phosphati(fyIcholine« phosphaS- 
dylserf ne and phosphafidylinosltole at a concentnafion lange of 0.1 to 5 mg/ml as well as ^thetfc phosphol^Id 
derivatives or variants such as dlhexanoylphosphatldylcholine or dlheptanqylphosph^dylcholine fn the same 
concenfratkin range. 

Suitable redox systems which encxjuiage the fonnatlon of dlsuIHdes are e.g. low molecular we^htsulfhyd- 
lyVdlsutflde reagent combinations such as glutathione in o)ddized and leduced form, dlthlothreltol in its 
oxidized and reduced fomi, p-mercaptoethanol or p-mercaptomethanol In its oxidized and reduced form, cj/stlne 
and its reduced fomfi, and cystamlne and Its reduced fonm at a concentration of about 1 to 100 ml\A« espedally 
of about 1 to 10 mMv wherein the molar latto of the oxidized and the reduced fonn la between 100 : 1 and 1 : 
100« espedally between 6 : 1 and 1 : 6. 

The preferred sulfhydiyl^disuiffde redox s^tem Is glutathione In Its oxidized and reduced form, 
Altemafively. thioredoxin or dtsulfideisomerase at a concentration range of about 10 to 1000 pg/hil, espe- 
cially of about 50 to 200 (ig/ml can be used Instead of thelowmolecuIarwe^htsulfhydryVdlsulfldereagentconv 
binatlons* 

Salts which can be used In the refolding buffer include salts of Na\ U^. K^, NH4\ Mg^. Ca^^ or Mn^ wift 
CI-, Br, J-p HCO3- SO^, phosphate, acetate, innate or rhodanM, or other allcall metal- or allcaline ear- 
thmetal-halogen or pseudohalogen compounds at a concentration of up to 3 M. Prsfened is NaQ at a oonoen* 
tratlonof1to2l\4. 

The invention parSculaily relates to a process for the production of a dimeric, biologically acUve Transfton- 
ing Growtfi Factor type p-IIKe protein, compristag subjecting the denatured, monomericfonn of said TGF-p-HlQe 
protein to bufTercondtfions cx>mpris!ng a low molecular welghtsUIChydiyl/dlsulflde redcex system in the presence 
of a solubDidiig agent at a pH of about 6 to about 10 and a temperature of about O^C to about 37«C. Pmfeiably, 
the pH Is about 8.0 and the temperature Is about 4"Cw 

in a prefeirsd embodiment the sulfiiydryl/dlsulfide redox system is glutethlone in its oxidEzed and leduced 
forni at a concentration of about 1 to 10 mM, wherein the molar ratio of flie oxidized and the reduce fbrm to 
1 : 1 to 1 : 2. and the weak detergent Is 3-(3-chIo[amIdopft>pyl}dImeihyiammonIo-1-prD|mne8uifbnato at a con- 
centration of about 30 mM to about 60 mM. 

Particulaify, the production of a dlmeri^ biologically adfve TGF-p-Hlce protein fs performed bi a one st^ 
procedure, wherebi the monomer of said protein Is dissolved in the refolding buffer and the mactton mbctuie Is 
Incubated far 2 to 400 hours at 4**C whSe refolding and dlmerization continuously take place. The protein con- 
cantratlon during the refolding reactfon lis of considerable Importance since when being too high, the monomers 
might undergo substantial aggregation leading to the formation of undesi^ higher-order oligomers. Fbial 
yields of dimerfc prcxfuctare Increased, if tifie protein concentration is less than about 2mgAnl, a concentration 
range of 0.01 to 0«5 mg/ml Is preferred. 

Optionally, to further promote disulfide formation, an effective amount of an oxidaKon promoting agent con- 
tatnnig Cii^lons (sudi as CuCi2, Cu(NQ3)2 or o-phenanthroline/Cu^ cx)mplexes) or Fe^** Ions (sudt as FeC% 
or Fe2(S0^3) might be added to the refolding buffer. An eflfectivB amount is the amount which at minimum wW 
be necessary to conduct the oxidation of sulfhydryl groups Within a convenient tfme period and which Is 
approximately equivalent to the concentration of free suifhydryi groups bi the TGF*p4Ilce protein which are des- 
tined to be involved in forming the desired disulfide bonds. Prtferable amounte range between 0.01 to 100 yM. 

Furfhennrtore, Qzorairmay optionaOy be bubbled through the refotdbig buffer either bitiie presence orabs- 
ence of oxidation promoting agente. Qxidafion may aira be perfonned usbig I2 0Csunber, B. et aU 1980, Hehr. 
63, 899-915) or Benzochinon derivatives (Kamber, B. PCT appl. WO 89A)1484)« 

Suifonatfon of proteins can be to cleave disulfide bonite and to bIo<dc1he resulting thiol groups. lUlono- 
merle TGF-p-like proteins can optionally be S-suttonated and Ihmby be prevent to become oxld^ befbre 
being exposed to the refolding condiflor^ &suifonation Is perfanmed using sodium ^ffite in the pr^ence of 
a reductag agent such as cysteine, resulting in the reversIUe protection of thiol residues as S-sidfonates. Under 
refolding conditions, the protection groups are removed by ttte excess of the suifhydr^dlsulffde redox system 
and dlmerization occurs sponteneously* 

The Invention relates fkirthertoaproc^ssforthe produc^on ofa dbneric; biologically actfeaTGF-^llce pro- 
tein, In which the monomeric form of said TGF-p-lIke protein b produced by the steps of : 

(a) cidturfng a mlcrobid host comprising a nudeotide sequence encoding ttie TGF-p-lffce protein linked in 
the prop^ reading firante to an esqiression control ^^enca such that said protein I^ expressed, 

(b) recove^g fits TGF-p-IDce protein in a denatured, monont^c^ mluble form. 

Sulteble mlooblai hoste are yeast strains as Saccharomyces ceravfelae or bacteria such as Escherichfa 
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c d i or Badllus subtHl8> 

Microbial hosts comprising a nucleotide sequence encoding the TGF-p^Ike protein llnl^d !n the proper 
reading frame to an expression control sequence can be prepared by recombinant DMA techniques which are 
well known In the art and whibh comprise the steps of 

- preparing a hybrid v^:lor comprising a DMA sequence encoding thd TOF-p-IIke protein under the exp- 
ression control of a suitable expression control sequence, 

• transforming said microbial host with said hybrid vector, and 

- selecHng transfbnmed mlCToblal host cells finom untransfonned host cells. 

The nucleofidesequenceradlngforTGF-p-like proteins such as mature human TGF-pl, TGF^2 orTGF-p3 
are known (Deryndc, R. et al. (198S) Nature 316, 701-705 ; Marquardt, H. et aL (1987) J. BI6I. Chem. 262, 
12127-12131 ; Ten Dyke, P. et al. (1988) PNAS 85, 471&4719) and can e«g. be chemically ^thesteed Iv 
methods known in the art Alternatively, d)MAs enc^lng TGF-^*like proteins can be prepared after isolation 
of the respective mRNAihim TGF-p-Uke proteins produdng mammalian cells. Expression control sequences 
are promoter sequences which ensure fiie effete expression of the TGF*p*like proteli^ 

The selection of a suitable vector Is detemnlned by the microbial host cell provided for ttie transf^mnation. 

Examples of vectors tiiat are suitable for the e)qpressIon of the TGF*p-likB protein In an E,ooll sfrah are 
bacteriophages, for example derivatives of tiie bacteriophage X, or plasmlds, such es the plasnifd pBR322 and 
Its derivative pPLMu. Suitable vectors contain a complete leplicon and a marker gene, which renders possible 
the selection and kfentification of the mlcroonganlsms transformed by the expression plasmlds by means of a 
pheno^e feature. Suitable marker genes impart to the microorganism, for example, residence to heavy met-^ 
als, antibiotics sudi as ampldllln ortetracydln, and the like. 

Several pramotm can lie used for regulating the expression of TGF-p-IIke proteins In E,oolL EspeddHy 
promoters of ^ongly expre^ed genes are used Suitable promoters are tiie E. cdl lac, tac, trp and Ipp prom- 
oterSt furthermore tiie phage XN or the phage XpL promoter, and others. 

Vectors suitable for replication and expression In S^ cerevtefae conteln a yeast-replication origin and a 
sele^e genetic marker for ye&st Hybrid vectors that contain a yeast replic^on origin, for example the 
chrorm^omal autonmiously replicating s^ment (ars), are retained ffldrachnmiosomally wfthin the yeast cell 
alter transfonmation and are replicated autonomously during mitosis. Also, hybrid vectors that contain 8^|u- 
enoes homologous to the yeast 2 |i pl^rnld DMA can be used. Such hybrid vectors are integrated by recom- 
bination in 2 }i plasmlds already present within the cell, or replicate autonomously. Suitable marker genes for 
yeast are especially those that Impait antiblofte resistant^ to the host or, In the case of auxotrophic yeast nuit- 
ante, genes that comi^ement the host lesions. Corr^pondlng genes bni^ for example, resistance to tiie anti- 
blotto cydohexlmlde or provMe for prototrophy in an auiGOfrophio yeast mutant, for example tiie URASg LEU2, 
HIS3 orthe TRPI gene. 

Promoters suitable for expression In yeast are, for example^ those of the ADHI, ADHH, or PHOS gene, and 
also promoters Involved in glycolysis, for example the PGK or the GAP promoter. 

Optionally, signal sequences which allow the secretion of the TGF-p-fike protein can be Included in tiie exp- 
ression vector. Suitable signal sequences are e.g. derived from tiie yeast add phosphatase (PH05) ortiie yeast 
Invertase geneu 

The transformed microbial hosts are cultured in a liquid medium containing asslmllateble sources of cart»on, 
nitrogen and Inorganic salts, appl^g methods known In tiie art 

Various carixm sources are t^ble. Example of preferred carbon sources are assbnllable cariiohydrate^ 
such as glucose, maltose, mannltol, fructose or lactose, or an acetate such as sodium acetate, whitih can lie 
used either alone or in suitable mixfeures. Suitable nttrogen sources Include, for example, ambio a^Js» such as 
casamino adds, peptides and proteins and their degradation producte, such as tryptone, peptone or meat ext- 
racts, Ikirthennors ^ast extract, malt exfrad; com steep liquor, as wdi as ammonium saltEu such as ammonium 
chloride, sulphate or nitrate which can be used either alone or In suitable mbetures. Inorganic salta whkA may 
be us&l Indude, for example, sulphates, chlorides, phosphates and caritonatem of sodium, potassium, mag- 
nesium aiuf cdldum. Additionally, the nutrient medium may diso contain growth promotbig substances. Sut)- 
stances which promote growtti indude, for example, trace elements, such as Iron, adnc^ man^ese and the 
like, or Individual amino adds. 

The monomericTGF-p-llice protein Is recovered firom tiie microbiai host cells by metiiods well known in the 
art These metiiods indude lysis or mechanical dimiption of the cells In order to release tiie dedred protein, 
followed Iv file separation of the TGF-pJIke protein firom tite host cell protelr^, ag. by precipitation andftir 
chromatographic means. 

in cases where tiie monwierio TGF-p-IIke protdn is produced in tiie microbial host cells as an {nsdiU>le 
aggregate (Induslon body) Ithas to besolubntzed before being exposed totiie refolding condttfons. Accordbigly, 
tfie present invention fUrther rdates to a process wherein the monomeric TGF^p-ilke protein te produced by 
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the steps of: 

(a) Isolating the wafsr-lnsolubia protein ftactlon containing the TGF-p-iike protein ftom the host cells and 

(b) solubnizing theTGF-p-IIke protein. 

SolubllE^^on and denaturatlon of the monomer Is achieved by addfflcafion of the cnide protein susper^on 
containing tiie monomerlcTGF-p-like protein In the non-soluble Ibnn to a pH of about 1 to about 4, preferably 
to about2^, optionally in the presence of a reducing agents such as DTT, orby theaddltfonof chaotroploagente, 
prefembty guanidtne HCI or most preterably urea, In a concentration of about 4 to 9 M, baste pH or elevated 
temperatum as described betore. The solubilteed monomer can be purified from solubllizing chaolropea by 
dialysis and» If a preclpltete ocoiis during dialyslSt by additional centrffUgatlon. The solublltzed monomer 
chromatographlcally purified and used for refolding to get the biologically active, dbneric product 

After refolding, the bloiogicaHy adive dlmer is purifled In orderto remove Impudiles, In particular, pyrogens 
or other endofo}dns which might be present In the preparation after production of the recombinant protein in 
mimblal host ceDs. Separation of the dimer Is peifbmied by chromatograpf^ such as sEsSng gel 
chramatc^raphy, hydrophobic Interaction chromatography or ton exchange chromatography, e.g. on a Mono 
S colunm and reverse phase HPtC. 

The present invention further relates to dimeric biologically active TGF-p-like proteins when produced 
according to the process of the Invention. These TGF-p-IIke proteins can be used In a varied of therapeutic 
modalities. 

The Invention relates fUrther to a monomeric^ &«ulfbnated TGF-p-like protein, which can be produced by 
8-aulfonaflng the monomerfc TGF-p-like protein. Monomerlo, S-suIfonated TGF-p-IIke protehs are novel com- 
pounds, which can be used for the production of biologically active, dImeric TGF^Ike protehts. 

The present Invention rancems f^er a pharmaceutical compo^on comprising an efte^e amount of 
a dImeriCp bldogtcally active TOF-p-IIke protein produced according to the invention, or a pharniaceuticaHy 
accepteble salt thereof In do^e unit form. 

Such composftion Is In the form of infusion solutions or preparations Ibr parenteral, for escample Intamus- 
cular or Intravenous, oral, orespeciany ibr local, Le. topical, admbitstFafion, respe<^ety.The sduSons are pref- 
erably isotonic aqueous solutions or suspensions which can be prepared befbre use, for examfile from 
lyophDIsed preparations which conteM the active Ingrodlent alone or together wfth a phanrauseutically ao^pt- 
able caitier. Sdutions fbr parenteral use are usually aqueous solutions. They are prepared to conventional man- 
ner and may oontefn In addition to the active Ingredient phystotoglcal saline, a stebnbier, audi & human senmi 
albumin, amino adds, such as arglnlne or glydne, and a carbohydrate, such as glucose, manner, dexlian or 
hydroxyethyi sfaroh. The pH may be acQusted witii a buffer, ag. a phosphate, sucdnate or an amino add to 
about 4.5 to 7. Usually the vials are fDled with the sdution and lyophntz^ for longer storage. 

The compositions contain conventional adjuncte, for example presen/ativ^, stabfllsm. wettii^ agente 
and^or emulsfflers, solublllsers, salte f9r regulating the osmotic pressure and/or bufRm. The present phar- 
maceutical compositions, which may, if desired, contain fiirther phannacoIogIcal(y valuable substences, are 
produced In a manner known se, fbr example by means of conventional mbdng, dissolvbtg, lyophlllsing 
and/cw sterilising processes, and contein from approx&nately 1 ng to 100 iig^g, espedally from appro}dmate(y 
10 ng to 10 )ig/g of prepaiation, and In the case of lyophilteates up to 100%, of the active Ingredient 

The TGr^p*llke proteins are dual In character In that ffiey on tfie one hand annulate the prdltenation of 
certain cell types, namely fibroblaste, and on tite otiier hand InhlbH; ttie proliferation of other ceD types, namely 
tomor cells and cdls of the immune systmn. 

The d&neric, biologically active TGF-p-like proteins produced according to the Invention, optionally In the 
forni of their salte, such as in particular non-toxfc pharmaceutical add addition ^ilte, optionally In form of phar- 
maceutical formulations, are applied In an elfective amount By the form "effedive arrKsunt^ intended an 
amount whidi exerte a significant healing, e.g. an amount which stbnulates the desired cdls to grow and which 
Is not toxic to nonnal cdls. This antount can be detmnlned e.g. iiy In vfiro growtii expertoiente. Due to the dual 
diansicter of TGF^^^Ikd proteins, an 'eftedive amount* Is aira such whIdi to a stgniRcant extent bihibtte tiie 
growtii and proliferation of tumourcens and cells of thd Immune system, if human or vefesrtr^ use ts Intended, 
tiie amount has to be adjusted to the particular tissue to be trrated, the mode of application, the severity of tiie 
disease, and the age and general condition of the patient to be treated. In general, the eRher single or daSy 
dosages for adult humans M\ be In tiie range of about 0.01 to 20 }ig for both the growth sttouilating and the 
Inhibiting effect 

The pharmaceutical composition of this Invention have a clinical use In the treatment of anin^, particularty 
mammals, more particdariy human bdngs, and. In the ca^ of wound healing, most particularly of old human 
beings. 

The compositions of this Invention promote cell migration and proliferation. Since wound hedb^ invdv» 
both oeD miration and cell proliferation patterns these in vfbro findings become directiy relevant to the In i^o 
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wound healing prooass. 

Prevention or freafment of bed sores (decubitus ulcers) Is a prefened use since fhey tequenfly occur in 
hospftal patients, partlcuiariy geriatric and wheel chair paflenfs. In elderiy people the wound healing proc^ 
is slower and this group of patients tends to show a higher inddenoe of wounds (not only decubitus and diabetic 
6 uioeis, but trauma, bums and the like) that either heal slowly or do not heal at aO. 

Two types of application of the compositions of tills invention are proposed for botii veterinary and, in par- 
ficulaTi human medidne. 

The fiist. and prefened appHcation Is a topical one for ttie promotion of surface wound heaRng. particulaity 
In elderiy human betngs where fiie wound healing processes are noticeably slower. There are no Tonltations 

io as to tiie type of wound that may be treated, and these Indude (but are not limited to) : Surfiace ulcers Induding 
decubital (bed sore), d^betic, dental, oral, varicose and haemophOlacsuiface ulcers ; bums (especially second 
and ttifrd degree) ; surglcsd Indslons including those of dental and cosmetic surgery) ; acddental wounds 
(Induding indslons, penetrations, lacerations and otiier traumata) and therapeutically induced wounds (indud- 
ing tiiose Induced during ladiotiierapy). When applied topically, tiie compositions may f>e ccmiblned wHh ottier 

iS bigredients, such as adjuvants, carriers, solublllzing agents and any otiier known, orasyet unknown, secondary 
growtii feolor(s). There are no limitations as to tiie nature of these Ingredients except that tiiey must be phar- 
maceutically and physiologically acceptable for admlnlstation and must not degrade the adMty, or render 
harmfully tcod^ tiie active ingredient of tiie compositions. When the compositions of this invention are appH^ 
to surfece ulcers, bums, surgical or accldenlal wounds, tiie compositions are preferably In tiielbrm of a powder, 

20 gel, ointment, salve or Irrlgant, or they may be fimprsgnated Into transdermal patches, plasteis and bandages, 
preferably bi a llqutd or semMIquid form, or they may be Incorporated into a tootit paste or a gum or resin for 
chewing. 

The second application is a systemic one tor tiie healing of internal wounds eitiier following surgery, or 
dam«^e to the tissues of the inner organs whena surgery eitiier impossible or Is not requIrBd. Again, there 

23 are no limitations as to tiie type of tissue or wound to be treated and these Indude (but are not l&nttsd to) deep 
surgical Indslons to the inner organs and tissues ; bone and cartilage (after fiadure) ; gastric^ duodenal and 
otiier intestincd ulcers. When applied systemlcaHy, tiie compositions of the invention may be fwmulat^ as 
Oqukis, pSIs, tablets, lozenges for enteral administration, or In Ikiuld form for parenteral tajectibn. For tiie treat- 
ment of Intmial Ini^ons following surgery, they may be In the ^xm of an infant, prefsrat^ In combination 

30 witii a physbloglcally acceptable saline solution* Again, the active ingredients of the compositions may be com- 
bined vritii otiier ingredients such as adjuvants, carriers, solubDizIng agents and any otfier known, or as yet 
unknown, secondary growth fBotoF(s). There are no limitations as to the natore of these Ingredients except that 
they must be pharmaceuflcally and physlolt^Ically acceptat>le for admlnlstmtion and must not degrade ttie 
adivi^, or render harmAiUy toxfe, the active Ingredients of these compositions. 

35 For h^ing the wounds, the amount of active Ingredient to be applied has to be adjusted to the type, severit/ 
and location of the wound, and also to tiie age and general condition of the patient to be treated. In general a 
single or daOy amount of from about 1 ftgto20}tgofTGF-p-like protein perl cm^ofwound has already a sig- 
niticant healing effect For fnteraal use a higher amount should be applied depending on the mode of adm&il- 
stration due to the dilution of tiie TGF-p-IIke protein In the body fluids. 

40 Furtiier uses of the T6F-p-fIke proteins produced according to tiie invention are bi bone and tissue repair, 
treatment of cancer in mammals, as an anti-Inflammatory or Immunosuppres^ve agent, as a growth regulator 
In mammalian cell cultures or as a bone marrow protective agent or mediator of cardloprotection. 

Examples 

45 

The following examples Illustrate tiie Invention wititout b^g meant to be Mtetive. 
Example 1 : aoning and sequendng of TGF*B1, TGF-B2 and TGF-PS cDNA 
so A. Culturingofcens 

Human glioma cells from tiie Cl-'215 tine (de Muralt; B. et al. (1985) Eur. J. Cancer Clin. Oncd. 21, 207) 
are grown in tissue culture flasks (Falcon T75} containing Dulbecco's Modified Eagle Medium pMEM, GIt>co) 
and 10% foetal calf serum. 

55 

B, RNAextra<aion 

1 X 10^ c^s firom the CI-215 hun^n ^laam cell line are harvests and Dounce homc^entss^ in 30 mi 5% 
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dtrfc add with 0.2% (w/v) NP40 deterge nt at A'^C. The nudei are separated from the cytoplasm by centriAigatian 
at 2^00 rpm for 10 minutes at 4*^0 In a SorvaO RT 6000-B table centriiiige. The supematant Is cenfrifUged at 
15.000 ipm far 30 minutes atA'^C In a SorvaO RC 5-B centrffUge fitted with a 8S-34 rotor. The resuWng super- 
natant Is discarded and the pellet Is resuspended In 30 rh! 02 M TRISTHCi (jpH 5 mM EDTA, 2% SDS, 

5 25.000 unIts/1 Heparin (Sigma), and ttien extracted 3 times with phenoVchlorafomi (1 : 1, v/v), the diloraform 
consisting of 24 parte chloroform and 1 part Isoamylalcohol (v/v). To the final aqueoi^ phase 1 vohmte 3 M 
sodium acetate (pH 5*0} and 2.5 volume ethanol am added. The ethanol predpRats Is washed twice vMi 70% 
ethanoL The RNA pellet Is msuspended in 2 nU 1 0 mM TRIS/HCi (pH 7.5), 1 mM EDTA, 0.05% SDS. Polyadeny- 
lated RNA is Isolated by oligo-tfT cellulose chromatc^raphy as described by T. Manlatis In "Molecailar Cloning: 

10 A Ljaboiatoiy Manual. Cold Spring Harbor Ljaboratoiy, New YorIc (1982)*. 

C. Synthesis of cDNA 

The fifst strand cDNA ^nthesized tirom 10 iig of poly RNA In 1 00 |d of a solution containing 50 mM 
IS TRIS (pH 8.3). 50 mM KCI, 1 0 mM MgClz, 1 mM DTT, 30 ^g/rnl dlgonfT 12-18. 1 mM each dATP. dCTP, dOTP 
and dTTP. 50 units RNase Inhibitor (Promega) and 1000 units of Moloney Leukaemia Virus reverse transcrip- 
tase (GIbco-BRL). The reaction Is Incubated for 1 hour at 37*>C. The reacSon te then diluted U> 400 pi with a 
second strand bufliar containing 20 mM TRISMCI ipH 7.5), 5 mM Mga^. 100 mM KCL 12.5 unite RNase H (Gib- 
co-BRL) are added and the reaction mbcture Incubated far 10 minutes at 37^G« The reacfion mixture is oodted 
20 on Ice for 5 minutes and 125 units of E.coll DNA polymerase I (Promega) are added. The reacfion mbcture fs 
tfien Incubated fbr a fiirther 2 hours at 16**C. 40 pi 0.5 M EDTA are added followed by a phend/bhloroform (1 : 
1, v/v) extraction. To the aqueous phase, 1/10 vdume of 3 M sodium acetate (pH 6.0) and 4 volume ethand 
are added whereafter the reacQon mbcbire is predpltatad 1br30 minutes at -TO^C 

The ethand precipitation is centrifuged fbr 10 minutes at 17.000 g, the pdlet is washed twice with 70% 
2S ethanol and dried in a Speed^Vac The double stranded cDNA {s dissolved bi sterile water aitd eledrophoresed 
In an agarose gel fn TRIS-boiate buffer (pH 8.8) to evaluate the she and quanti^ of the cDNA. 

5 pg of the cDNA are then methylated at the EcoRI sites by incubating for 1 hour at Z7^C In 100 pi ^ mM 
TRISTHCi (pH 8.0), 0.1 mM EDTA, 80 pM adenosyi-methionfne and 40 units EooRI methyiase (New England 
Biolabs). The reaction mixture Is extracted with phenol/chlorofbrm and the cDNA is ethanol precipitated and 
30 dissolved In stenle water as described atiove, 

5 |ig of ttie cDNA are then prepared for llnlcer ligation by fncubafing with 20 units of T4 DNA polymerase 
for 1 0 minutes at 37^C In 200 pi 33 mM TRIS^^tate (pH 7.9), 66 mM po^hmt acetate 10 mM magnedum 
acetate, 0.5 mM DTT and 0.1 mM each dATP, dGTP, dCTP and dTTP. The reacGon Is coded to room tem- 
perature and then 20 unRs of Kienow Polymerase (Glbco-BRL) ara Bdded and Incuiiated forS minutes at room 
35 temperature and 5 minutes on i(». After adding 1 0 pi of 0^ M EDTA the readion mbdurs is phend/chloroform 
mtracted and the cDNA is etiiand precipitated and dissdvecf In sterile water as descrli»ed atMwe. 

12-mersynthetlc5'-phosphorylatedilnkeis (New England BiolabsNo. 1070)aretheniKgatedto5pgd)NA 
in 100 pi of a sdutlon containing 10 pg iink^ in 50 mM TRtS/Ha (pH 7.8). 10 mM MgC^ 20 mM DTT, 1 mM 
ATP at 16"C using 4000 units T4 DNA llgase (New England Blolabs). The llgase Ite then heal InacQvated at 
40 rO'^C for 10 minutes, ftie reaction Is diluted to 500 pi In 10 mM TRIS/HCI (pH 7^. 6 mM MgCis, 100 mM Nad 
and is digested with 1000 units of Ea>RI (Boehringer) for 6 hours at 37*C. 50 pi 0.5 M EDTA are added and 
the readion mbdurs is heated at 70''C for 1 0 minutes. The heated readion mixhire Is dirediy added to a Bio-gd 
A15M column (200400 mesh» BIo-Rad) to remove the monomer linker firagmenfs, cDNA of more than 300 bp 
elutes In the exduslon vdume. 

4S 

D. Cloning Into lambda gtll 

Lambda gtll anr» are prepared by digesting 100 of lambda vector DNA with EcoRI (New England 
Blolabs) according to the supplier. The digested DNA is dephosphorylated using 1 untt of C^flntosOne Alkaline 

so Phosphatase fitim Boehringer Mannhebn as described. 20^0 ng of cDNA firom fiie Bio-gd A15M cdumn are 
copredpitated in ethanol with 1 pg of gtlll dephosphorylated arm and restspended tn 10 pi of asolutlon con- 
taining 50 mM TRlS/HCl (pH 7.8). 1 0 mM MgCIa, 20 mM DTT. 1 mM ATP. 15% polyethylene glycol ffJlW 6000) 
and 200 units of T4 DNA llgase. The l^aSon mbdure fs incubate f6r2 hours at 16^C. The reac^on mbcture fei 
centrifuge for 10 minutes and the pellet is resuspended in 10 pi of sterile water and then bi vftro padcaged for 

SB 3 hours at room temperature according to the supplier (Promega). 0.5 MI of SM phage dllutfon buffer contdrrir^ 
50 mM TRIS/HCi (pH 7.5), 100 mM NaCI. 100 mM MgS04 and 0.01% gdafine are added and stabDfzed wi8i 
25 |sl of chloroform. A totd of 500.000 phages are amplified on 10 YT-plates (15 cm dlamtei) using 0.7% aga- 
rose-YT (S|gma) with 1090 odis as described (Young. R. and Davis. R. (1983) PNAS 80, 1184). 
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E . Screen!ng and selecflon of dones contalntng TGF-gl, TGi^a2 and T6F-B3 Inserts 

Sbc replica nylon fOteis (Cuno) are made finom each cf the 10 VT-pIates and the phages on the filters aie 
denafuied with 0*5 M NaOH, 1.5 M NaCl and netttfalked as described in "Molecular Cloning : A LaboralDiy 
5 Manu^ (T. Manlatis, Cold Spring Harbour Laboratory, New Yoik, 1932). The fOters are placed In 0^ x 8SC, 
0^aSD8at9a*Gfor15ntlnutesand1henpTehybridlz&dfor4hoursal 1%SDS, 0.1%ficoll, 

0. 1% polyvinytpynolldone. 0.1% bovine serum albumin, 50 mM NaP04 (pH 6.8), 50 pg/M denatured salmon 
sperm DMA, 0. 1 pg/nti dIgoA12-18 and 10 pg/ml poly A* RNA Eadi of the 6 replicas Is hybridised ovemfght 
at 450c In the piehybridfzation buffer to which one out of sbc different s^P-^abelled 39 bp ollgonr^rs (see below) 

10 to a concentration of 2 x 10^ cpm/inril had been added. 

The sbc oligomers used for hybridization are ^theslzed on an Applied Blosysfem DMA Synthesizer and 
correspond to the nucleotide sequence ending either the first amino adds (oligomers 1. 3 and 5) or the last 
amino adds (oligomers 2, 4 and 6) of the maturelbrms (112 amino acids) of TGF^pl (see SEQ ID No. 1), TGF-P2 
(see SEQ ID No. 2) and TGF-P3 (see SEQ ID No. 3), respectively. 
IS The two oligomers used for the detection of TGF-pl sequences are : 

1 } 5' GCC CTG GAG AGO AAC TAT TGC TTC AGC TCC AGG GAG AAQ 3' 

2) 6' TCA GGT GCA CTT GCA GGA GCG CAC GAT CAT GTT GQA GAG 3' 
The two digomers used fbrthe detection of TGF-02 sequences are : 

3) 5' 6CT TTG GAT GCG GCC TAT TGC TTT AGA AAT GTG CAG GAT 3' 
20 4) 5' TTA GCT GCA TTT GCA AGA CTT TAG AAT CAT ATT AGA AAQ 3' 

The two digomers used for the detection cf TGF^ sequences are : 

5) 5' GCT TTG 6AC ACC AAT TAC TGC TTC CGC AAC TTG GAG GAG 3' 

6) 5' TCA GCT ACA TTT ACA AGA CTT CAC CAC CAT QTT GGA GAG Z' 

40 ng each ollgonter Is labelled at its 3'end using ^P-dATP and 20 units of tendnal transferase (l^bco-BRL) 

29 In a 20 pi rsadlbn buffer containing 100 mM potassium cacodylate (pH 7«2}. 2 mM CoC^ and 0.2 mM DTT for 
1 hourat 37%.The reacQon mbdure is gel filtrated over a Sephadex G-SO cdumn. The eluted lat^Ded oli^onters 
are heated at K**C for 5 ntlmifes and added to the prehybridizatkin buffer as described above. 

The replicas 1 to 6 are hybridboed with digomers 1 to 6, respecHvdy. After hybridbsation, the fBters are 
washed twice each with 2 x 8SC, 1 x SSC and 0. 1 x SSG at room temperature for 1 5 minutes. Podthre plaques 

30 are Identified by autoradiography and are rescrsened by repeafing 0ie procedure given above untS all of the 
plaques on the plate are positive. A single plaque Is eluted In 1 ml of SM phage dilution buffer (see sec^on 

1. D}, 100 p! are added to 1 ml E.coli Y 1090 cells and the mbcture Is kept for 20 minutes at room temperature. 
The E.C0B Y 1090 cells and phages are added to 100 ml YT-medium containing 0.2% maltose and Incut^ited 
at 37^C for 7 hours. After adding 1 ntl chiorofonn to tiie lysed cdls, the phage DNA Is purified accordli^ to the 

35 method described in "Motecmlar Cloning : A LatKiratoiy Manud" (T. Maniat!s» Cold Spr^g Harbour Laboratory, 
New Yoric, 1982). The purified DNA is dissdved tn 1 ml 10 mM TfUS/HCi (pH 7.5), 1 mM EDTA and 1W pi are 
digested to completion hi a total volume of 1 ml vAth EcoRI fdlowfng the recommendations of the supplier 
(Boehringer). The ens^e reaction Is phend/chloroform esdracted and ethanol predpltatod. The EcoRI d)MA 
Inserts ars purified fiy gel electrophoresis (Ultrapure BRL) uslr^ NA<45 DEAE paper (Sdilelcher and SdiuelQ. 

^ The DNAtselutadbi50mMTRIS/Ha(pH7.S!).5mM EDTA,1 M Naa. phend/chlorofomn extracted and ethand 
predpltated. The rssdtfng pellet Is washed twice with 70% ethand and rasuspended In 10 mM TRIS/HCI {pH 
7.S), 1 mM EDTA 

F. Sequencing of cDNA Inserte 

45 

The EcoRI cDNA Inserts are subdoned Into Bluescript KB*- Vedor (Stratagene). The cDNA identity fs con- 
firmed by double^strand^ sequencing according to the method described by P« Sanger et al (1977) PNAS 
74, 5463 udng the above digomers (see sedfon 1 .E) and a Sequenase kit (U.S. Biochemtcds). The nudeofide 
sequence covering the 112 amino adds of the mature TGF^I, TGF-^ and TGF-ps are depict under SEQ 
so ID No. 1, 2 and 3, respedfvety. 

G. Amplification of cDNA Inserts and subdoning Into plasmid PGenvS 

The above oligomers (see section 1.E) for Identifying TGF-pl, TGF*92 and TGF-P3 sequences are used 
^ to amfdHy the cDNA inserts encoding the mature 1 12 amino acMs fonms (Indudhg the stop codon). 

The EcoRI cDNA Inserts of the Bluescript KS** plasmlds (see section 1JF) are gd puriRed as describe 
above (era sedion LIE). 50 ng of eadi cDNA b^rt are amplified in the presence of 2 x 2 pg of the lespediva 
two digomers by a polymerase chabi reaction tn a 100 pl raadfon mbduro oonfainlng 10 mM TRIS/HCI (pH 
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8,35), 50 mM KCI, 1.5 mM MgQ^. 0.05% (w/v) NP-40, 0.05% (w/v) Tween 20 and 200 ptn of each dATP, dGTP. 
dCrrPanddTTPtismgSunRsTaq Polymerase (Peiidn-BmerCetus). 30 rounds oTampincation are perf^^ 
under the fDlIowfng tempeiaiurss using a Pertdn-Elmer Cetim Heating Block: 93<*C/0.1 minutes, 55«Cft)«2 
minute, 71«C/1 .5 mtnufees. The resulting 339 bp linagments covering the coding sequences of TGF-pt2 
and T6F-P3, lespecfively, are gel purified and subclone Into plasmid PGem-5ZF(+} (Promega) digested with 
Ncol, dephosphorylated with Calf Intestinal Alkaline Phosphatase (Boehringer) and filled In with Klenow 
polymerase (GIbco-BRL). The resulting constructs ere designated as pGKM 125 (TGF-pl}, pGKM 740 (TGF- 
p2} and pGKM 126 (TQF-pS) and are used to transfomi competent E. coll Y 1090 cells (see eo^ple 2). Clones 
carrying the correct Inserts en(»dlng TGF-pl, TGF«p2 and TGF-p3 are designated as E. coll Y1Q90/pGKM 125 
(TGF-pi), E.COH Y109Q/PGKM 740 (rGF-p2) and E.coll Y1090/pGKM 126 CrGF-pS), respectively. 

Scample 2 ; Expression of TGF-pi, TGF-B2 and TGF'B3 In E, ooH 

A. General methods 

Bacterial strain (E. coll K12) : 

LC 137 : htpRara, lonRg, iac^ malam, tfpa,^, pho^. rspL, tsx : :Tn10, supCi, (Goff, SA et al, (1984) PNAS 
81, 6647-6651). 

Plasmlds : 

pPLMu : (Buen, G. etal. (1985) Nudeic Acids Res. 13, 1923-1938). This plasmid camesthe bacteriophage 
X Pl promoter with the phage Mu nergene ribosome binding site (Van Leerdam, E. et al. (1982) 
Virology 123, 19-28). 

pclss?: Plasnrtfd encoding a thenmolabile XCW repressor and conferring lesbtance to kanairwcbi 
(Remault, E. etal. (1983) Gene 22, 103-113). 

BPS flel^electrophoresis : 

SDS polyaciylamide gel-eleclrophoresls (SDS-PAG^ and protein stahiing ^ done as described preWousIy 
(Laeimmi, U.K. (1970) Nature 227, 680-685) using the Miniprotean II ceO fiom BIORAD and 1 mm thick 18% 
polyacrylamide gels. 

Heat Induction 

7 ml of LB-Medlum (Maniatis et al. (1982), Molecular Cloning, Cold Spring Harbor Laboratory, New Yoric) 
In a 20 ml culture tube containing 40 |ig of each ampidnin and kanamydn (LB/ampyton) are inoculated wfth a 
single colony and incubated with shaking ovemlght at 30**C, 5 ml of this ovem^ht culture are added to 15 ml 
of LB/amp/kan In a 100 ml Erienmeyer flask This flask Is transferred to a 42*C waterbath shaker. A 2 ml sample 
fs taken before transfer (non-Inducing conditions) and 1 ml ^unples at 1 hour Intervals after the transit (biduo 
Ing condltlona). CeUs are peOeted by centrifugation (S mfn, 10.000 rpm In an Eppendorf wnlrifUge) and the 
supernatant Is discarded. The peOet is resuspended In 100 }il of sample buffer tor SDS-PAGE and heated itor 
10 min at gS^'C. 5 jU aRquote are loaded for 8DS-PAGE. 

Prepanafion of competent cells : 

Competent E*coli cefls are prepared by Uie caldum chloride procedura as desc^ed In Maniatis ^ aL 
(1982), Molecular Cloning, Cold Spring Hartior Laboratory^ New Yoric Cdls carrying plasmid pdasr are grown 



B. Oonstnidion of expressi on vectors pPLMu.hTGF-31, pPLMu,hTGF>p2 and pPU\flu.hTGF^g3 and 
expression of TGF^gl, TGF-g2 and TGF-p3 

E.CQH Y1090/PGKM 125. E.coII Y1090/pGKM 740 and E,coliY1090/pGKM 126 (see emmple 1.G) cells 
are grown In LB medium and plasmid DNA is prepared 1^ the method of Bfrnboim. H.C, and Ddy. H. (1979) 
Nucleic Adds Research 7. 1513. 5 iig of plasmfd DNA are ait to comfdetlon In 50 |il restrictfon bufTm^with either 
Ncol and SaH (p6KM125), Ncol and EcoRV (pQKM740} or Ncol alone (pGKM126) following the recommen- 
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dattons of the supplier (Boehilnger). The DMA Is precipitated by addition of 5 pi 3 M sodium acetate, 100 mM 
MgCIa, SmM EDTAand 150 pi ethanoL Aflerlncubation al-70*»Cfor15m!nthe DNAfe peHetedbycentifftigafion 
at 13,000 g for 15 min In a SS34 rotor In a Soivan centrifuge. Tlie supernatant Is discarded and the pell^ Is 
iBSUSpended In 80 pl 0.089 M TRIS borate. 0.089 M boric acid and 0.002 M EDTA (TBE birffei) containing 0.25% 
biomphenol blue and 0.25% s^ene cyand. 4 t&nes 20 pi samples are ^ecb^horesed ^ugh a 1% agarose 
gel hi TBE buffer containing 0.5 pgAnI eUiWIum bromide at 50 volts ffll the bromphonol blue marker reaches 
the bottom of the 1 0 cm long and 0.8 cm thlckgel. The DNAftagments coding tor mature TGF-pi , TQF-]^ and 
TGF-P3, respediveiy, are vtsuaSzed under short wave UV light; cut out wifh a razor blade and elecfroduted 
from the gel piece In a Schleicher & SchOH Blotrap apparatus applying 200 nrnnp fbr 1^ hours. The duted 
DNAftagments ex0 precipitated (see above) and resuspended In 20 pl TE. 

5 pl of plasmid pPLMu are llnearked by digestion with either Ncol and Sail. Ned and EooRV or Nco! alone 
and gel purified as described above fortheftagment DNAs. 100 ng of the Dnearized and purffled pPLMu vector 
DNAand 3 times the molarequlvalentof the respedtve purified firagmentDNA are Incubated at4«Ctor 15 hours 
in 20 pl of Ilgalion buffer (70 mM TRIS/HCI, pH 10 mM MgCIa, 5 mM DTT, 0.1 mM adenosine-triphosphate) 
containing 1 unit of DNA llgase (Boehringer). 

10 pl of the l^ation mfocfure are added to 200 pl of cold (4**C) competent E, coll LC 137 ceDs caning pla^nid 
pclssr. Alter 30 ntln the cells are heat shocked by incubation for 1.5 mIn In a 42°C water ba^. 2 ml of LB medium 
aiB added and the culture Is shaken for 60 mln at 30''C. 200 pl aliquots are plated on LB plates contelnli^ 
amptoniln and kanan^ycln and Incut^ed fbr 22 hows at SO^'C. Single colonies are cultivated and plasmid DNA 
Is analysed. Subdoning of the DNAftagments coding for TGF-pi, TGF-p2 and TGF-pS In pPLMu restate In 
plasmids pPLMu.hTGF-pi. pPLMuAT6F-p2 and pPLMu.hTGF-p3. respectively. Clon^ containing the above 
constructe are refened to as E.C0II LC 137/pPLMu.hTGF-pi. E.colt LC 137/pPLMu.hTGF-p2 and Bcoli LC 
137/pPLMu.hTGF-p3, respecffvely. 

E^cdl LC 137/pPLMu.hTQRpl, E> coll LC 137/pPLMu-hTGF.p2 and E.coH LC 137/pPLMu.hTGF-p3 cdls 
are heat Induced (see ei^ple 2A) and the expressed proteins are analysed by SDS-PAGE. TGF-pi, TGF^ 
and TGF*p3 sAl appearas heat Induced proteins 2 hours after heat Induction m^ratlng vM% an apparant molecu- 
lar weight of approximately 12.000 D. 

C« FermentaCpn of trar^tfbrmante 

Overnight cultures of E, coH LC 137/pPLMu.h.TQF>B1, E. coll LC 137/pPLMu.h«TGF'^p2 and E mfl LC 
137/pPLMu.hTGF-p3 In 21 Erienmey^ fiasks containing 750 ml of LB medium vAih 40 mg/l of ampto&lln and 
kanamydn are grown at 30^C. 300 ml of the overnight cniltures are added to 750 nil of LB medhim containing 
antibiotics as mentioned above In 2 1 Erienmeyer flasks and heated to 42°C by shaking fbr approximately 3.5 
minutes in a 65°C water bath. Hie flasks are then transferred to a 42°C shaker and Incubated ftir 3 hours. The 
flaslcs are cooled dovm to 12^C in an Ice water bath and the cells are collected aftercentrifugatlon ftur 1 0 minutes 
at 8.000 rpm in a GSA rotor (SorvalQ. 

Example 3 ; Exprsssion of TGF^gl, TGF*p2 and TGF-P3 In Saocharomyces cerevlslae 

The coding sequences of mature TGF-pi, TGF-p2 and TGF-pS are expr^sed In Saccharomyc^ cerevl- 
slae under the control of the Indudble promoter of the yeast add phosphatese (PH05). 
The expression vectors are constructed In two steps : 
A construction of plasmid pJDB207/PH05-Rrr 12, 

B. construction of plasmkfs pJDB207R/PH05-TGF-p1. pJDB207RPH05-TGF^ and pJDB207R/PH0S- 
TGF-p3« where A) provkfes the yeast vector and the PH05 fians^tfonal terminator and B) provkles the 
expresshin cassettes with an Insert coding fbr mature TGF-pi, TGF-p2 and TGF-p3, respec^ely; under 
the control of the PHOS pmmoten 

A ConstrucBon of pfasmid pJDB2Q7/PH05-RIT 12 

PlasmkI p31Rrr 12 (European patent application EP 277.313) ts linearized v^th restridlon endonudease 
SalL Part^ HIndlli digestion In the presence of ethidiumbromfde resulte En a 1id> Sall/Hindlll fragment com- 
pristng the 276 bp Sall/BamHl pBRS22 sequence, the 534 bp promoter of the yeast add phosptatase PHOS, 
the yei^ Invertese signal sequence (adding for 19 amino adtte) and Hte PH05 transcripUbnal terminator. The 
1 kb Sall/Hindilt finagment of p^lRTT 12 is doned in to the yeast -E.cdi shuttle vector pJDB207 (Beggs, J J). bi: 
Mdeoular Genetics In yeast» Alfired Bereeon Symposium 16, Copenhagen, 1081, pp. 383-389), which had been 
cut vMi Sail and HIndlli. The resulting plasmid containing the 1 kb insert is referred to as pJDB207yPH(^-Rrr 
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B. Oonstnictton of plasmfd pJDB207R/PHQ5'TGF-p2 

Plasmld pGKM740 (TGF'P2) (see example 1.0> Is cut with NcoL The sHd^ ends me fined in a reacfion 
with Klenow DMA polymerE^ Ea)RI linker (S'^-CCGGAATTCCGO ; Bfolabs) are added and tiie mixture is 
llgated* The resulting circular plasmld refeiiBd to as pGKMA668 (TGF-p2) and is cut with E^RI and SalL A 

0. 4 kb EcoRI/Sall liiagment Is Isolated firom an agarose gel, puriRed and resuspended tn sterile water at a con* 
centrafion of 25 pg/nd. The ftagment rantains the mature coding sequence of TGF^p2 with an ATG bi fname 
to codon GOT which defines amino add Ala 1 of mature TGRpZ 

The PH05 promoter Is Isolated firom plasmld pSIIVT 12 (see above) on a 534 bp BamHl/EcoRK tegment 
Plasmld pJDB207/PH05-Rrr 12 Is cut with BamHI and Xhol.The laige, 6.8 kb BamHUXhoI firagmentls Isolated. 
The PH05 transcriptional temnlnator remains on the fiagment The BamHI/EcoRI PHQ5 promoter ftagment» the 
EcoRK/Sall fragment ccxllng for TGF-P2, and the BamHI/Xhol vector firagment aie ll^ated. One conect done 
with the TGF-P2 gene under the control of the PH05 promoter doned in an antidockwise orientation into 
PJDB207 is refmed to as pJDB207IWH05-TGF-p2. 

In an analogous manner, mature TGF-pl and TGF-^p3 are expressed In S. c^ravlslae. The plasmMs con- 
taining the coding sequences of TGF-pi and TGF^p3 are pGK<M125 and pGKM12Gv respectively (see example 

1. G). After digestion of these piasmlds with Ncol. addiffon of EcoRI linfoers and ligation, the resulting drcuiar 
piasmlds are cut with EcoRI and Sail. The EooRI/Sall fiagmente are doned Into pJDB207 as described above. 
Tlie resulting piasmlds are refeired to as pJDB207R/PH05TGF-p1 and pJDB207R/PH05-TGF^. 

Transfomrtat!on of S. cerevlsiae strain Gi^lS 

Sacaharafnyces cerevis iae strain GRF18 (MATct, hisS^H, hls3-15. ieu2'^. teu2-112, canS. DSM 3665) fe 
transfonned with piasmlds 
pJDB207R/PH05-TGF-p1 
pJDB207fVPH0&-TGF-p2 
pJDB207R/PH05-TGF-p3 

using the transtomftation protocol described t>y Hinnen, K et al. (1978) PNA8 75, 1829. 
Transfomned yeast cells are selected on yeast minimal medhim plates deficient in leudne. 
Single tiansfonned yeast colonies are isolated and letened to m 
Saccharomyc^ cerevisiae GRF18/pJDB207R/PH05-TGF^1 
Saccharomyc^ cargvlslae GRF18/pJDB207R/PHQ5-TGF-p2 and 
Saocharomyces cerevisiae GRF1 8/pJDB207R/PH05-TGF'p3. 

D. Femtentatlon of S. cerevisiae transfonfnante and prsparatfon of ceD extracts 

The yeast translbmiante, as mentioned above, mntelh piasmlds vrith PH05 promoteTHSontrolied expression 
cassettes and therefore require derepression of the promoter forthe expression of TGF-pi, TGF-P2 or TGF>p3. 
Transfomiante are each grown in two successive precultures (1 0 ml and 50 nd) in yeast high P| minintal medium 
prepared aoconfing to the recipe of the Difco Yeast Nlfn^en Base udthout ambio acids but contaiiibig 10 g/l 
Uasparagine instead of ^114)^04, 1 g/l L-hlstidine and 20 g/l glucose. The ^lls of the second precuItuiB are 
washed in 0^% NaCI and all the ceQe are used to Inoculate 1 00 ml of low 9$ minimal medium piepcmi accoidlng 
to the recipe of the Difco Yeast Nitrogen Base medium (wifiiout amino adds), but containing 0.03 g/l KH2PO4, 
10 g/l L-aspars«ine. 1 g/l L-hist!dine and 20 g/l glucose. The cultures are agifaled at SO^'C at 160 rpm. 

Cells fom 10 mi of culture are coOected at 5 h. 24 h and 48 h by centiVugaSon at 3000 rpm and washed 
once In 0.9% NaCL TTta cell pdlet is resuspended bi lysis bvlf& [66 mM potassium phosphate pH 7.4, 4 nM 
Zwitteigent (Calblodiem)]. 8 g of glass beads (0^.75 mm tn diameter) are added and 8ie suspension is Sha- 
ken vigerousiy 4-5 times for 2 mln each on a Vortex M ixer bi the cdd. The cell extract is decanted to get rid of 
the glass beads. Ceil debris In the extract are sedimenled by centrifUgaflon for 5 min at 3000 rpm at 4''G. The 
supernatant and peOete are separated and stored at -20^* 

Example 4 : ProducBon of dhnerlc bloiogically activa TGF-B1. TGF-g2 and TGF-B3 

The procedures given belowlbrtiie prcKludlDn of dbn^<^ biologically active TGF-*p2 can be appll^ in ana^ 
<^ for the recovery of dimeric, bidogicaHy active TGF-pl, TGF-p3, and other *TGF-fNike proteins*, nssp^-* 
iveiy, 
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A. Recovefv of non-soluble, monomeric TGF-ga from cofl 

E. coll LC 137/pPLMu.hTGF-p2 cells arefiannrtented as desslbed bi example 2.0. Cell disruption and lecov- 
eiy of non^oluble TGF-p2 Is peifomied at 4<*C« About 18 g of wet cells are suspended In 60 nd of 0.1 M 
TRISyHa, 10 mM EDTA, 1 mM PMSF (Phenyl Melhan Sulphonyl Fuoride), pH 8.3 (disruption buffer). The ceHs 
are passed two times thiough a Frenchpress (SLM Instruments, Inc.) according to the manufedurers bisfiuo- 
tlons and the volume is brought to 200 ml the disruption buffer. The wspenslon is centriftiged for 20 mbi 
at 15.000 g. The pellet obtained la suspended In 100 ml disrupfion buffer ointalning 1 M NaCI and centriftig^ 
for 10 mtn as above. The peUet Is suspended In 100 nrd disruption buffer containing 1% Triton X- 100 (Pfeice) 
and again centriftiged for 10 min as above. The washed pellet Is then suspended in 50 ml of 20 mM Trls/HCI, 
1 mim EDTA, 1 mM PMSF, 1% DTTand homogenised In aTeffon tissue grinder. The resulting ^pension con- 
tains cmde monomeric TGF-p2 in a non-soluble form. 

B. Solubnization and purification of monomeric TGF-P2 

10 ml of the TGF-P2 suspension obtained according to example 4.A or 4.C are addffled vidth 10% acetic 
add to pH 2.5 and centriftiged In an Eppendorf centrifuge for 1 0 min at room temperatuiB. The supernatant is 
chromatographed on a Sephaciyi S-1Q0 column (Phanmada, 2.6 x 78 cm) in 10% acetio ackl at aHow rate of 
1.4 Ml/min. (Alfemativdy. the chromatograpiiy can be perfbrmed on Sephaciyi S-100 HR (Pharmacia) and the 
column can be run In 1% acetic add or 5 mM Ha, respectively.) Fractions containing nKmomeric, denafiAed 
TGF-'p2 eluting between 190 min and 220 min are pooled. This material Is used for refolding to get bldogically 
active, dimerio TGF-pi2 (examples 4.G. J.tCL) or ibr further purification for structural analysis (example 4.D.). 

C. Recovery of nwncwneric TGF*B2 from Saasharomyces cerevlslae 

The pellet of brolcen cells obtained firom a 500 ml fermentation peribimed as described In example 3 J) is 
suspended In 20 ml 4M urea, 0. 1 M TRIS, 1% DTT, pH 8.0. The mbdurs is kept at room temperature for 30 
minutes with intermtttant vortexfng every 5 minutes. Insduble matsrlal is removed by centrSUgation at 30'OOQg 
Ibr 30 minutes at4*'C and the supernatant Is acffusted to pH 2.5 with acetic add and dlalysed extensively agafrist 
5% acetio acid overnight at4*^. The solution ts cenfrifUged as above and the dear supernatant Is concentrate 
by ultrafiltration on a YM 1 0 membrane (Amicon) to a final volume of 4 ml. The ^mple Is then chram^ograph^ 
on Sephacryl S-100 HR (Pharmacia) In 5% acetic acid as described In example 4.B yielding monomeric TGF- 
P2. 

P. Further purification of monomeric TGF-g2 by RP4HPLC 

Allquots of tiie pooled finacUons lirom tiie Sephacr^ S-100 column (example 4B) are puritied on a Vydac 
214TP5415 HPLC reverse phase column (4.6 x 150 mm. The Separations Group, Hesperia, CA, USA). The 
column Is equilibrated in a mbdure of 70% TFA 0.1% In water and 30% TFA 0.08% in acetonltrile, and tite pro- 
duct £s eluted by a linear gradient over 30 min ending wftii a mixture of 55% TFA 0.1% In water and 45% TFA 
0.08% in acetonitrile ataflowrate of 1 ml/min.The eluata is monitored f or at^orbance at216 nm and individual 
peaks are odieded manually according to the UV absorbance. Denatured, monomeric TGF-P2 Is eluted at 21.5 
min. Dependbig on the indhridual reverse phase column used fertile separation the same preparation of TGF-^ 
Ss eluted around 16 min and 18 min, respectively. 

TGF-P2 fractions are analysed by RP-HPLC using the same cdumn and solvent system as above. TGF-p2 
eluted liy a linear gradient over 42 min stertihg from 100% TFA 0.1% In water and ending with a mbdure of 
30% TFAinw^erand70% TFA 0.08% in acetonitrile. TGF-P2 Is eluted as aslngle p0akafter3O.4mfn. Depend- 
ing on the bidt^ual column used retention times of 29 min and 29.9 min, lespedively, are obtabial* 

TGF-^ Is analyzed after admbdure of diemlcally redut^ natural ixudne TGF-p2 (Brif^ Biotechnd^ 
Lbiilted, Qxfbrd, UIQ whidi has an Identical primary structure as human TGF-p2 (Marquaid^ H. et al. (1987) 
J. BtoL Chem. 262, 12127^*12131). The mixture eiutes as a single peak confinmlng tiie Identic of the maSBdsL 

E. Analysis of monomeric TGF'g2 by SDS>PA6E 

Individual allquots of the Sephacryl S-100 column (example 4.B) or the reverse phase cdumn (eo^mple 
4.D) are dried In vacuo and andysed by SDS-PAGE (LSmmll UX. (1970) Nature 227, 680) on 15% pdyao* 
rylandde dab gels stained witii Coomassle Blue R-250. A Single band of an apparent mdecdar weight of about 
1Z000 D Is obtained whldi Is indistinguishable firom reduced natural pordne TGF-^ 
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F, N-tBimfna! amino acid sequence determination of monomericTGF^2 

TGF-P2 Drorn example 4.B Is evaporated In vacuo, dtesclved in 25 pi acetic acid and subjected to eMno 
acfd sequence determination on a gas phase protein sequencer model 470A (Applied Biosystems). 

s 

The N-teiminal amino acid sequence is: 

5 10 15 

Ala-Leu-Asp-Ala-Ala--Tyr-X-Phe-Arg-Asn-Val-Gln-Asp-Asn-X-* 



X-Leu-Arg*Fro 

is wherein X denotes an amino add not positively identified* 

Simllariy, the N-tentilnal amino acid sequence Is determined for the 4-vinylpyridlne derivative of TGP-^2 
prepared as described by Man^uardt, H. et al. (1987) J. BIoL Chem, 262. 12127*12131. 
The N-temnlnal amino acid sequence is : 

20 

The N-tenninal amino add sequence is: 

5 10 15 

Ala^Leu-Asp-Ala-Ala-Tyr-Cys-Phe-Arg-Asn-Val^Gln-Asp-^Asn-X- 
25 20 25 

Cys-Leu-Arg-Pro-Leu-Tyr-lle-Asp-Phe-X-Arg-Asp-Leu- 

wherebi X denotes an amino acid not positively Identified. Cysteine was detennlned as S*pyr&Iylethylcystebie. 

30 

G, Generation of dhnerig btoloflically active TGF^2 

3 mg of monomeric denatured TGF-p2 fiom eacample 4.B Is dissolved In 140 ml 50 mM Tr^a pH 8.0, 
1M NaCI« 5 mM EDTA, 2 mM reduced glutathione, 1 mM Q)ddlSed glutathtone and 33 mM Chaps (Calblochem). 

35 After 72 houis at 4«C the pH of the soluflon is adjusted to pH 2.5 virith HCi and the mbdure is concentrated 10 
times Ijy ultrafiltration on a YM 10 membrane (Amicon, Danveis. MA, USA) in an Amicon stinred ceil. The coi^ 
centrated solution is diluted to the original volume with 10 mM Ha and concentrated to a final volume of 10 ntf 
by the same method. The predpltate formed Is rentoved by centrffugafion at 5000 g for 30 minutes. The super- 
natant contains disulfide linked dimeric TGF-p2 as judged by SDS-PAGE under non-ieduclng condmons. The 

40 biological actlvHy of the prepaiation is measured by ttie cell migration and growth assey (example 5J\) and the 
cell growth inhibition assay (example 5.B). 

Alternatively, instead of using monomeric TGF-p2, the S^ulfbnated TGF-^2 d^ivathre (smmple 4.l\4) te 
used foT the generation of dimeric ac^ve TGF-02 by applying essentfaOy the procedure described In thb 
example with the exception of the sodium chloride concentration which is 2M. Puriflcatjon and teolEOIon of the 

4S dimeric TGF-p2 is permed with the mme methods as dimeric TGF-02 generated fiom the underivatls^ 
monomeric protein (example 4.H and 4.1). 

H. isolatron of dhneric TGF-g2 by caBon eacdiange chrwnatography on a Mono S column 

so The concentrated solution firom example 4.G Is applied at a flow rate of 1 mlAmln onto a Mono 8 HR 
column (Phamnada) equilibrated in a mixture of 85% buffer A (20 mM sodium aceteto, 30% isopropanol, pH 
4.0) and 15% buffer B (buffer A containing 1 M sodium chloride). The cdumn is then washed at the same flow 
rate keeping the buffer mixture a>mposition constent unfO the absorbance reading at 2»0 nm has readied 
baseline level, followed by a linear gradtent ov^ 20 minutes sterflng upon Injection at the equOlbratten condt* 

m tlons and ending vttfh a mbdure of 50% bufi^ AffiO% bufl'i^ B. Dimeric biologically active TGF-p2 is elufed 9 
ndnutes after the start of the gradient and cotleds^ immualiy. As Judged iiy biological activf^ detemiinatton, 
SDS-PAGE under non-redudng conditions and RP-HPLC no d&nerio TGF-^ was fbund in the flow through 
tecfion. AddHionally, no monomeric TGF-^ was deteded by SDS-PAGE In the dimeric TGF-^ pealt eluted 
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ftom the column by tiie 8alt gradient 
L Further puriflcaSon of dimeric T6F-B2 

6 Dimeric Iton example 4.G Is diluted wftfi Uie same volume of 0.1 % TFA in water and subjected to 

RP-HPLC on a Vydac214TP5415 column (4.6 x 150 mm, The Sepaiafions Group, USA) equQibrated In a mixt- 
ure of 80% TFA 0.1% In water and 20% TFA 0.08% in acetonffrfle. TIte column is eluted by a linear gradient 
over 40 min starting upon Injection at fite equDibratlon conditions and ending wiOi a nrOxture of 60% TFA 0.1% 
in water and 40% TFA 0.08% In acetonibfle at a flow rata of 1 nll/min. Tiie eluafe is monitored Ibr atisorbance 

10 at 216 nm. TGF-p2 Is eluted wHh a retention tbne of 32.7 mln and collected manually. SDS-PAGH analysis under 
non reducing conditions revealed a single siiarp band of apparent molecnilar we^ht of about 25 kD« The 
obtained dbneric TGF-p2 Is of high puii^. 

J. Aitamative method 1 for the fleneration of dimeric. biologtcalty acHve TGF"82 

IUIonomerieTGF-p2ffom example 4.B fs dissolved ata concentration of 0.1 mg/mi bi 50 mM ^lum phos- 
phate. pH 8.0, 2M NaCI, 5 mM EDTA 2.5 mM cysteine, 1 mM c^ne and 50 mM Chaps (Calbimhem}. After 
300 houis at 4**C tiie pH is acQusted to pH 2.5 with 10% TFA Then 30 mg/ml of Sepialyte C-1 (praparafive 
grade, 40 pm, Analytichem International, Harbor CIfy, CA, USA), pretreated sequentiany wfth 0.1% TFA in 

20 acetonlfrne and 0.1% TFA in water, added and tfie mbdure te gently stirred Ibr 30 mln at room temperature* 
The gel is fUteied over a gl^ fHt covered vMi finesh premshed Sepralyte C-1 (20% the amount added to the 
refbldbtg solution). The gel Is washed fifst with (5 times the gel volume) buir6rA(0.2M NaCi/0.1%TFANtfatBr), 
then with a mbdure of 80% buffer A and 20% buffer B (0.08% TFA In acetonttriie). TGF-p2 is elut^ with a mixture 
of 70% buffer A and 30% buffer B. The eluate is applied directly onto a Mono S column HR 5/5 (Phamiacia). 

2S Purification and isolation of TGF'*p2 is peifomned as in esxamples 4.H and 4J, respecfively. 

Altemafively» acetonitrfle bi buffer Aand buffer B, respecth^ely, used for washing the Sepralyte C-1 gd and 
elulfon of TGF-^^ Is replaced by isopropanol. Washing is then perfomned wfth a mbdure of 90% buffer A and 
1 0% buffer B and elution of TGF-P2 fs achieved with a stepwise gradient (steps of 2% buffer B) starting wfth a 
mbdure of 80% buffer A and 20% buffer B and ending with a mbdure of 70% buffer A and 30% buffer B. Further 

30 procedure Is as bi examples 4.H and 4.1, respecttvely. 

K. Alternative method H for the generation of dimeric, biologically active TGF-92 

% 

MonomerlcTGF-p2fh)m e)rampIe4.B is dtesolved ata concentration of 0^ mg/imi In lOOmMTffs/HCi, pH 
35 8.5^ 1M NaCi, 5 mM EDTA 1 mM redui^d glutethfone, 1 mM oxidised glutathione and 50 mM Chaps (Cai- 
biochem). After 450 hours at 4**C the mi)dure is adjusted to pH 4.0 with aoetio acid, diluted by addition of 7 
volumes of 20 mM sodium acetate, pH 4.0 and pumped onto a Mono S column HR 5/5 (Pharniada). Further 
procedure as in example 4.H and 4.i, respectively. 

40 Alternative method HI for the generafion of dimCTic, biologically acttve TGF-B2 using thioredoxin as a 
disulfide promotfng agent 

MonomerioTGF-^ from example 4.B is dissolved at a concentration of 0.025 mg/ml In 100 mM Tris/HO, 
pH ejQ, 50 mM Qiaps, 0.05 n^ml thioredosdn. The mbdure Is Incubated at 4''C for 24 houis. As detenrtn^ 
45 by the cell migration and growth assay (example 5A} the yield of refolded dimeric aclfve TGF-P2 Is similar to 
that of the method desf^bed In example 4.G. Purification and isolation of dimeric TGF-p2 Is In examples 
4.H and 4J* TGF-P2 is separated from thioredoxin by ttie Mono S column of example 4JH* 

M. Preparation of S^idfonated TGF-g2 and its use for the genOTaUon of dimeric. bjoiogically active TGF^ 

SO 

Monomerio TGF«p2 from example 4.B is dissolved at room temperature in 6M urea, 100 mM Trls/HCi, pH 
8.0. 60 mM sodium sulfite and 0.2 mM ci^teine. Fonnation of ^sulfonated TGF*p2 Is monitored by RP-HPLC 
using the conditions of example 4.D. The retention 6me of S-suIfonated TGF*p2 is 31.8 mln. After completion 
of the reaction, the pH of the soluton is acQusted to pH 2.0 with 1 N HCL S^sulfonated TGF-^ is desalted on 
S8 a FPLC "Fast Desalfing Cdumn* HR10/10 (Phamracia) in 10 mM Ha. Refolding of S^suifonated TGF-^ to 
ghre dimeric ac^e TGF-^ Is done essen&dly according to the proc^ure of example 4.G. 

N. Re^dlsation of Incorrecay folded TGF-B2 
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So!!d guanfdintinn hydrochtorfde and DTT Is added to the irateiial not bound Id tiie Mono 8 column of 
example 4.H to give a concentration of 6 M and 5 mM, respecHvdy, and the pH is adjusted to pH 8.5 with solfd 
Tffs. After 1 hour at room temperature the mfxture Is subjected to RP-HFLC usfng the same column and solvent 
system as In example 4.D. Reduced monomerfc TGF-p2 Is collected, and acetonltrOe Is removed In the vacuum. 
This preparallon Is then subjected to the refolding procedure of example 4«G eltfier dlrecfiy or together viflh 
n&wly Isolated monomeric TGF-p2 liom example 4.B or 4.C, thus Improving the total yield of refolded acthre 
dimerioTGF-p2. 

O, Generation of heterodtmeric, bfologlcafly acBve TGF-p 

Heterodimeric TGF^ps consisting of two diffiarsnt dtsuHide-4inked polypeptide chains of 112 amino adds 
each can be prepared by subJecQng equlmolar amounts of the two respecQve monomers to r^dlding conditions 
as deseed In es^imple 4.G. Purification and Isolation of the dtmers Is perfbnned according to examples 4*H 
and 4J allowing the separation of the het^odfmerfc form from the homodlmeis. 

P, Peptide mapping and sequence determination of monomerfc TGF-pl. TGF-B2 and TGF-P3, respectively 
TGF-P2: 

92 pg (6.7 nmofes) S-pyrfdyfethylated recombinant TGF-p2 desoibed In example 4.F« are dried hi an vao- 
cum centrifuge and redlssolved In 200 pi 5 mM Ha* 200 pi 0*2 M Trfs-acetate buffer, pH 7.8, containing 
10 mM ZwittBrgent3-12 detergent (Calblochem Corporation. La Jolla, CA) ts added and mixed with.the 
protein solu&on. The cleavage Is carded out with 2 pg (dissolved In 50 pi water) endoprotelnase Asp-N 
(from Pseudomonas tegl mutent. Sequence Guide, Boehringer Mannheim Blochemica, FRG) at 37"G. 
After 13 hours, 50 pi 10% (vTv) TFA are added and the mbdure is separated by RP-HPLC on a 04 nanow- 
bore column (Vydac 214TP52, 2.1 x 250 mm) vAih a linear gradient of 5 to 40% (vAf) acetonKrfle In 0.1% 
TFAAwafeer In 35 min at a flow rate of 0.1 ml/min and UVdetec^on at 216 nm*T1ie collected peal^ areanal- 
ysed fay plaam desorptfon mass spectroscopy as described In example 4.8* 

The ccmiparlson of the measured molecular mass (In Daltons. D) of the peptides in their protonated form 
(M-t-M^) wfth ^e calculated molecular mass allows the following IdentHfcatfon : 



Retention 




Calculated 


Peptide Sequence 


TimeCnain) 


(D) 


MassMCD) 




16.1 


S66.1 


S64.6 


BRKR 


23.9 


1832.3 


1831.1 


NTINEEASASPCCVSQ 


25.9 


1292.5 


1291,5 


DAAYCERNVQ 


29.0 


1307.7 


1306.6 


DNCCLRELY 


31.2 


1320.0 


1318.5 


DTQHSRVLSLY 


32.1 


1421.1 


1419.7 


DNCCLRELYI 


33.0 


31323 


3131.5 


DTCPSRVLSLyNTINEBASASPOCVSQ 


36.9 


34253 


3424.9 


DLGWKWIHEPKGYNANFCAGACFyL 








WSS 


44.5 


3739.5 


3739,5 


DLm^LmYYIGKTPKIBQLSNMIVKSC 



KCS 



TQF-pl : 

32 (2^ nmoles) S-pyrid^ettiylated recombinant TOF-pl (prepared simOarly as S-pyr!dyleQiylaM 
recombinant TGF-^p2) are cleaved vnih iS pg endoproteina^ lys-C using the same procedure as Ibrfte 
d^estfon of TGF-02 except that tile Incubation time is 9h and a lineargradlent of 12 to 27% acetonitrile bi 
90 iriin is used on a CIS column (Vydao 21STP5:^5^ 2.1 x 50 mm}* 
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Retention M+H*" Calculated Pq>tide Sequence 
Tim&Cmiti) 0^) MassMCD) 

9.4 8ia6 808.9 WIHEEK 

13.2 619.2 617.7 DLGWK 

20.4 1584.6 1583.7 AUOTNYCFSSTOK: 

34.9 1613.3 1611.9 VEQLSNMIVRSCK: 

50.6 1869.8 1868.3 NCCVRQLYIDFRK 

79.8 2S15J2 2874.3 GYHANFCLGPCPYIWSLDTQYSK 

87.1 4189.1 4189.0 VLALYNQHNPGASAAFCCVPQALBFK. 

HVYYVGRKPK 

89.8 3965.0 3963.7 VZ^YNQHNFGASAAPCCVFQAUBSL 

HVYYVGRK 

T6F-P3: 

20 |ig (1.46 nmoles) S-pyridylethylated recombinant TGF-p3 (prepare sMaily as S-pyridyleflico^IatMl 
recombinant T6F-P2) are digested witti 0.4 vg endoproteinase Asp-N as described forTOF*p2 except that 
the Incubatton time Is 22.5 liouis and the sspaiafion is carried out on a CIS column (Vydac 218TPS20S, 
2.1 X 50 mm) with a Ihear gradient of 16 te ^% acatonitrile in 80 mln. 



Retention 
HmeCmin) 



M+H* 
CD) 



Calculated 
MassMCD) 



Peptide Sequence 



7.0 
8.8 
11.6 

19.4 

36.5 

39.8 
45.6 

77.9 

8^6 



1308.0 
1381.0 
1205.5 
1252.4 
1421.5 
1551.2 
3030.4 

2782.6 
3457.3 

3726.5 

6736.9 



1306.6 
1379.5 
1206.3 
1250l4 
1421.5 
1551.9 
3029.4 

2781.2 
3456.0 

3725J 

6736.9 



ENCXrVRELY 

DTNYCFRNLE 

DTIHSTVLGLY 

DTNYCFRNL 

DTTHSTVLGLYNT 

dleplulyyvgr 
dtthstvlglyntlnpeasaspc 

CVPQ 

DTNYCPRNLEENCCVRFLYl 

DU3WKWVHEPKGYYANFCSGPCPYL 

RSA 

DLEPLTCLYYVGRTPKVEQLSNMV 
VKSCKCS 

I>riHSTVU3LYNTLNEEASASPCC 

VPQDLBPLTDLYYVGRTPKYEQL 

SNMWKSCKCS 



Q. Structural characterisaflon of monomerieTSF^2 expressed In Saccharamyces cerevislae 

An aliquot of the material from sample 4.C is fijrther purifled i^ RP-HPUC as desoibed In exanvle 4.D 
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and the N-teimlnal amino add sequence Is detennlned as described fn example 
The amino acid sequence ^ : 



S 10 15 

Ala-Leu-Asp^Ala-Ala-Tyr-X-Phe-Arg-Asn^Val-Gln^-Asp-Asn-X- 



20 25 



X-Leu-Arg-Pro-Leu-Tyr*'lle-Asp"Phe'-Lys-Arg-Asp"Leu-61y 
wherein X denotes an amino acid not positively IdenSfled. 

R, Refolding of monomericTGF-p2 expressed In Saccharamyces cerevlslae and Isolatfon and 
characterisation of dimeric TGF--B2 

Refolding of the monomeric TGF-p2 expressed In Saccharamyces cerevlslae and Isolation of dimeric 
bfologlcaffy ac^ve TGF-P2 Is peifonned as described In example 4.G, 4.H and 4 J respecthrely. 

S. Molecular mass of dimeric TGF-B2 

An aliquot of 6 iig monomeric TeF-02 and of 20 pg dimeric biologically active TGF-p2 obtained fn escample 
4.D and 4.1, respe^ely Is dissolved in 25% acetic acid, adsorbed on nttrocdiulose and analysed on a BIO 
ION 20 Plasma Desoiption Mass Spectrometer (Applied Blosystems, Uppsala. Sweden). The molecular mas- 
ses detemilned are 

M « 12738.0 for monomeric TQF-p2 (calculated Mass M « 12719.7) 

M = 25'422.0 for dbneric TGF-p2 (calculated Mass M = 25*421.2 assuming all (^telns as disulfides) 
T. Molecular mass of dimeric TGF-g3 

Dimeric biologically active T6F-p3 Is prepared simflariy to TGF-P2 described in examples 4A 4.B, 4.G, 
4.H and 4.1. The moleojfar mass of dimeric bfolc^Ically acS^e TGF-p3 fs detemilned as deseed In exannsle 
4.S. The molecular mass found Is : 

M s 25'434.0 (calculated Mass M » 25'427JS assuming all (^telns as d^fldes) 
Example 5 ; In yTtro activity test for TGF'^gl, TGF-P2 and TGF-B3 
A* Cell migration and growth assay 

The ^ay Is tmsed on the chemotactic acUvI^ of TGF-p on fibroblasts (Postlethwafte, A.E. et al. (1987) 
J. Exp. Med. 165, 251) and Is peribmned as des<x!bed by Burk; R, (ig73) PNAS 70, 369. 

The cell migration promotii^ aclfvlly of TGF.p1, TGF-p2 and TGF-p3 Is ass^ed by measuring the nuntfi^ 
of nomml Balh/b 3T3 fibroblast which migrate over a culture period of 22 houis Into a wounded monolayer 
eulhire of raid cells In semm*firee medium (Dulbecco's Modified Eagle Medium, Glbco) containing TGF-pl, 
TGF-P2 or TGF-p3, respectively, as compared to the number of fibroblasts whidi migrate Into a wounded mono- 
layer cdture tn the at^nce of TGF-^. 

The growth pramoling adiviV of TGF-pi, TGF-p2 and TGF*p3 Is detemilned by the sttaiulatoiy effect on 
cellular DMA synthesis and cell division. This actlvi^ is apparent In said monolayer cultures observed und^ 
the tight microscope after a culture period of 44 hours and Is quantified by elthm* 

(a) counting the number of cell nudei, in any gh^ en field of vi In cuIUiies of said cells grown in smmhftee 
medium containing TGF-pi, TGF-p2 or TGF-f3, respective^, as compared to (he number of cell nudel 
counted, in any given field of view, in cultures grown in the absence of TGF^p, or 

(b) measuring the amount of radio-Iab^ed ^H-^^mldlne uptste ht oilfures of said cells grown in serum-free 
medium containing TGF-pi, TGF-p2 or TGF-p3. raspet^ly, &s compared to the amount of ^H-thymldlne 
uptake In culhires grown in fiie absence of TGF-p. 
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In ttiese dose response experiments concentrations of the completely putffled TGF*pi , TOF-P2 and TGF- 
p3 pratefns (see example 4.K) In the mnge of 0.1 to 1000 pg per mlliaiter of culture medium are sufficient tD 
elicit 50% of the maxima! migration and growth promottng response. 

5 B. Cell growlli Inhibition assay 

The cdorfmetrfcal as^is based on the Inhlbftoiy efftect of TGF-p on the growth of human A375 melanonm 
cells (Brown, T.J. etaU (1987) A Immunol 139. 2977)- TGF-pi. TGF-p2 and TGF-p3 samples are seriaOy dflutoi 
(1 : 3) fn flat bottomed S&weU tissue culture platm (Falcon) containing RPMM640 medium (Gibco) and 5% 
10 foetal calf senmi« Control wells receive medium alone. 1.5 x 10^ A375 melanoma celts are added to each well. 
After a 72 hours Incubation peiiod at 37«C In 5% CQa. the A375 ceD monolayers are washed once, fbeed and 
stained with crystal^^cdetfor 15 n^utes. Unbound stain Is washed out intensively. The stained cells are lysed 
yAQi 33% acetic add to release ftie stain (which Is confbied to the ceD nudeQ and the OD was measured sit 
590 nm vdth a multiskan-8 Channel Photometer equipped wfth an Glivettf M 24 PC to calculate ftie activ% of 
IS the test compounds. Since the bitensHy of staining In each well fs directly related to 0ie number of nudel (and 
therefore to the numberof cells), this technique provides a colorimetdcal assay for measuring the antl-proiifisna- 
tive effects of TGF-pi, TGF-p2 and TGF-p3 molecules. 

Tieafmentwith pt^ed TGF-pi, TGF-p2 andTGF-p3 overa oincentration range of 0,001 to 10 nM Inhibits 
the growth of Aa75 melanoma cells. 

20 

Example 6 ; In vivo activl^ tests for refolded TGF-gl, TGF-B2 and TGF-93 
A Healing of Parttal-Thidaiess Wounds In Old Mice 

2S It is recognised that wound healing processes become impaired witii advandng age (Grove, Q.l^ (1982) 
Arch. Dem^toL R^. 272 : 381} and dierefore represent major problems In the field of geifatilG medldne. Thers- 
tors, the In vivo biological effects of the retolded active dfmeric TGF-ps on the healing of partial-thickness 
wounds (fomied by second degree burning) are investigated In a partially defldent or impatoi wound repdfir 
sltuafion, namely In old anbnals, using the following protoosl similar to the one de^dt>ed by 8chultz, G.S. et 

30 aL (1987) Science ^5 : 350. 

Single middemnal thermal fi^es are nmde on fiie dor^ thorax of anaesthetized old C57/BL6 mice (aged 
450 dwys or more), whose Indcs have been previously shaved and depilitated with a oommmlal mam-type 
hab-rsnKkver, by aslngie 10 second applicaifon of a brass template(1 X 1 cm, 8gm) which has t>een equlfibrai^ 
at SO'C tn a wator bath. The resulting blister l& suiiglcaUy rsmoved and the bums are treated dalty, tor 5 days, 

35 a topical application of 25 pi sterile vehlde buffer solufion (constsBng of 0.8% w/v Hydn»^ropyl cellulose 
bi a solution of 10 mM HIstidlne, 140 mM NaCl, pH 7.4) containing various amounts (500 ng, 100 ng or 10 ng) 
of ffie refolded adivedimericTGF-pfann, orwith buffer solution alone, or are left untreated* All topically applied 
materials are sterile, endotoddn-firee and pyrogen-firee, and all mice are individually caged for the duration of 
the ^cperiment Each experimental group consists of 5 animals. 

40 After 5 days of treatment v/Slh TGF-p, the mice are anaesthetteed, the blisters 0f prssenQ are suigically 
removed tirom the bums, and the bums are photographed. Areas of bums that have regenerated epithelium 
are outlined onto unifomi thldmess transparent overhead projector fUm and the percentage of each original 
bum aroa that has healed is calculated by planfmetiy. faults are also compared wfth the epithelial legeneF- 
ation process In young (5&M day old) (357/BL6 mice wfth identical middemrtal bums which are left untreated 

4S tor the duration of the experiment 

An example of such an experiment using refolded dbneric adive TGF-^ Is shown In the fbKowing toble 
virtiere values shown represent ttie mean and range of group evduations. 



60 
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Group Animals TGF-p2 dose per %age of ori^nal bum 
incision (ng) area healed on day 6 



1 


Old 


500 


59±8 


2 


Old 


100 


5S±6 


3 


Old 


10 


46±7 


4 


Old 


BufiTerOoIy 


10±9 


5 


• Old 


Unireaed 


16±6 


6 


Yonng 


Untreated 


66±9 



The results of the planlmetrica] analyses shown in the above table demonstrate that topical application of 
refolded acfive dimeric TGF-P2 daily forS days In a sufteible vehicle btiffierstimulates and accderates epithelial 
regeneiatlon In partial-thickness wounds on old mice in a dose dependanttehlon (Gioups 1^) when compared 
with vehicle buffer only or untreated wounds (Groups 4 & 5 respedively). Young mice are apparently competent 
enough fo successfyiy re-eplOielialIze their wounds In the absence of any topfced(y applied TGF-p (Group 6). 
HMdogical anal^es reveal the extent of the enhanced re-epitheliaUzatlon process together with a hyper- 
keratosls of tfie r^enerated epfdemfifs on Day 6 In ttie TOF-p-treated wounds. 

B, Healing of FuU'Thlckness Wounds In Adult Rate 

The biological effects of refolded active dimeric TGF-ps are also Investigated In a second In vivo modd of 
wound repdr, namely on the healing of fuII-thlckness wounds (fonned by surgical Inclsioning) In adult rats, using 
the following protocol slmaar to the one des^Ibed by Mustoe, T«A. etd. (1987) Sdence ^7 : 1333. 

Single, 1Ull-0iIckness 5 cm long linear Indslons are made with surglcd sdssors 1.5 cm on both sides of 
the dorsal midline of pentobarbitone anaesthe^zed male Wtetar lafs (30l><350 g) whose bacte have been pte^ 
>^ousIy shaved and depBilated yMi a commerdd Gream-type hab^removen In the experimental groups, edges 
frfthe leftside indslons (as viewed with the dorsal side uppermost receive single topicd applications (100 fiQ 
of a sterile vehide buffer (consisting of 0.3% w/v Hydroa^ropyl cellulose in a solution of 10 nil\4 HMdIne, 140 
mM NaCl> pH 7.4) containing various amounts (2 iig, 1 pg, 0.1 pg or 0.01 pg) of a refold^ active dhnerioTGP^p 
fomn. Edges of the (xintralateral rightslde incisions receive corresponding equd amounts ofa placebo control 
(Bovine Serum Albumin) In the said vehide buffer and edges of Incisions in contrd aniinals receive vehide buf- 
fer alone in the left side indslons and no treatment In the right side indslons followbig suigteal indslonlng. All 
topically applied nraterials are sterile, endotoxin-free, and pyrogen-free. Edges of eadi wound are then coapted 
with e evenly placed, interrupted horizontal matbress sutures of 5-0 Ethllon. All animals are caged separate^ 
and the wounds are left to heal for varying periods up to and indudtng 21 days post treatment AAer saolRce 
tfie entire doieal skin Is removed finm each animal and dl subcutanraus f&t Is carefully dissected firom the 
underskle of each of the skins using a surgical ^»ipel. A template consisting of two parallel surgical blades (B 
mm distance betwveen blades) Is then used to exdse strips of skfn 0>etween sutures on each indsbn) for tensile 
strength measurements. Samples are taken from one end of eadi fnddon for htefolc^lcal enable. The 
maximum load tolerated by each ^Ised skin sample Is measured with a Universal TensBe Strength Machine 
Model 144501 (Zwick, UlmtFRG). Measurements are made on 30mmx8mm strips which aresecur^ between 
hydraulic damps and then stretdied to brealdng point at a rate 1 0 mm per minute, wifii the maximum load moot- 
ded on a chart recorder. Measurements are made on triplicate ^mples fpom each wound and exp^mental 
groups consisted of 4 anbnals. Breaking strength Is not measured on wounds showing evidence of Infection 
or excessive haemorrhagtng (less than 3% of aH wounds). 

An example of such an experiment using refolded dinrieric active TGF-^2 fs shown in the following table 
v^ere values shown represent the average ratios of tensile strength between TGF-^-treated wounds and pl»- 
cebo-Ueated wounds at 3 equaRy spaced timepolnfs overa 21 day day tbne period. 
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TFG-P2 dose per Ratio of Tcnsfle Sttengfli 
incision (jig) TGF-p: Pla«bo Treatment at 







Day 7. 


Dav 14 


Dav 21 


1 


2.00 


1.9:1 


1.7:1 


1.4:1 


2 


1.00 


1.8:1 


1^:1 


1.3:1 


3 


0.10 


1.4:1 


1.3:1 


1.2:1 


4 


0.01 


1.2:1 


1.1:1 


1.0:1 


5 


None* 


1.0:1 


1.0:1 


1.6:1 



(* ratio of vehicle buffer only v no treatment) 

The results of the tensOe strength measurements shown In the above table demonstrate tiiat a etngle topical 
appllcaHon refolded actKre dbneric TGF-p2 in a suitable vehicle buffer enhances the bre^ng strength up to 2 
no fold, and accelerates the healingf of ftiU-thickness incisional wounds in adult rats In a dose dependent fashion 
over a 21 day fime period (Groups 1-4) when compared against the contnil group (Group 5). Histoti^Ical anal- 
yses reveal the maiiced Increase Influx of mononudear ^lls, fibroblasts and collagen produc^n In TGF-p-tiea- 
ted wounds over the 21 day period as compared to control wounds. A tmnsiant hypeikeratosls ts al^ evident 
In TGF-p-tneated wounds up to 14 days afta* the treatment 

CX Wound Chamber Implant Model in Adult tets 

The biological effects of refolded active dfmeric T6F-ps are also Investigated In a third in vivo model of 
wound repair, namdy on the cellular ingrowth, vasculartzation and formation of fibrous granulation tissue bi 
so and around porous chamber implants in adult rats, based on a protocol sbnnar to the one descdt»9d by Sporn, 
^ai^ (igSS) Sdenra 219 : 1329. 

Empty rigid pdytetraHuoroeth^ene tubes (intamal and external diameters, 10 and 12 mm respectivdy ; 
length 32 mm), each peribrated by apporixmately 250 r^ulariy spaced holes (diameter 1 mm) and sealed at 
each end with a removable cap of Identical material, are gas sterilized and suigically Inserted sub-cutaneously, 

as In symmetrical fashion, through mail Indslons Into the dorsal flanks of pentobaifottone anaesthetized adult WIs^ 
tar rats (35&400 g). One gas-sterilized tissue cage Is frnplanted into each flank and the incisions are dosed 
with single surgical clips (Ciay-^ams Auto-aips, 9 mm) whidi are removed 5 days after suig^. Foilawfng 
surgical insertion the chambers become encapsulated wiUi fibrous connective tissue although there is a relative 
absence of cdls vrfthin the diambeis themselves. This model provides a sterile, defined and endosed space 

40 w'thin each chamber where various parameters of a wound heating response can be quantitated. Animals are 
used for expertoentation 14 days after Implantation of the ctiambers, ^terf^ll healing of the surgical Incision. 

At this time daOy injections of 100 pi sterile vehlde buffer soIuHon (consisting of 0.5% wAr Hydnu^ropyl 
c^MosB in a solution of 10 mM Hlstidlne, 140 mM Nad, pH 7.4) containing various amounte (1 pg, 0.1 pg or 
0.01 pg) of a refolded, adiva dimericTGF-pfonn are given dfiBCtly hte the leftside chambers {bs viewed wRh 

45 the dorsal side uppennosQ* Right side chamf^ers receive corresponding equal amounte of a placebo control 
(Bovine Serum Albumin) In the said vehfde buffer. Control anbnals receive vehide butter alone In tiie left side 
chambers whereas right side diambers remain untreated fbr the duration of the eacperiment Experimental 
groups consist of 5 animate. Injections are made onxm daHy far 5 days and ail injected materials are sterile* 
endotoxirhliree and pyrogen-fkeeu All animals are fatdividuatly caged ftor the duration of the escperbnent and are 

so sacrifice 24 hr after tiie last series of Injections. Chambers are then removed firom eadi antmal fay asepUo 
technique, and the fibrous ttesue firom inside each chamber ls*wef\velghed. The total serous protein bi the 
chamber fluid is estimated using the method of Lowry et al., (1951) J. BIoI. Chem. 193 : 265. Samples of fibrot^ 
tissue removed from Inside and outside each diamber are prepared fbr histoiogical analysis. SteriR^of the 
chamber contente b chedced by Incut^on of chamber fluid samples on brain/heart infkislon plates for 72 hr 

58 at 37«C. Measuremente are not made on chambers showing evidence of Infodion or rejection (less than 3% 
ofandiambers). 

An e»mple of audi an esqpertment ustrig refolded dbnerio active TGF-^ is shown in the follov^ tabte 
where vedues shown represent the average ratlds of me^uren^nte obtained fbr protein in 5 matched pafins of 
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chambers QdSty right) from each group of animals. 



Group 

1 
2 
3 
4 



TGF-P2 dose per RatioofitEO^Inmatdied 
left chamber ^g) chamteis (left : xigfat) 



X,00 
0-10 
0.01 
None* 



Hbrous TSssue Serous Protein 
3.0:1 1.5:1 
2-5:1 1.4:1 
2.1:1 1.3:1 
L0:1 1.0:1 



* lado of vehicle buffer only v no treatment 

The results of the protein measurements shown In the above table demonstrate that local injection of tefoN 
ded active dimeric TGF-p2 dally for 5 days In a suitable vehlde buffer enhances, up to 3 fold, the accumulallon 
of total fibrous tissue, in a dose-dependant ntanner, bi left-sided chambers as compared to the right-^lded con- 
tralateral chambers which have received corresponding equal amounts of a pla^o protein. A small dose- 
dependent bicrease In the amount of serous protein In leftnsfded chambers Is also obseived faDov^ng multiple 
Injectbn with TGF-p2 (Groups 1*^). No differences are apparent between left-sided and right-^ed Chantbeis 
in the Contro! group (Group 5). 

On post-mortem biopsy of animals in Groups 1-3 it Is consitenfly observed that the Ieft-«lded TGF-p-treated 
diambers are more fimnly attached to the suiroundtng conneclive tissue of the body waR than the contralateial 
right-^lded diamtiers that have leceived placebo injections, Fuifhennore, histological analyses show that the 
thickness and vascularity of the fibrous flssue surrounding the TGF-p-treat^ chambm markedly greater 
than that of the Ussue surrounding the placebo-treated chambers. Sheets of m(gia6ng fibrablasts and mono- 
nuclear cells are also e^dent vWthIn the fibrous tissue InshleTGF-^treated chambers. No apparent dilfbrenm 
are ot}served in efther tiie tiilckness or vascularity of the fibrot^ tissue surrounding the chambers, nor to the 
degree of attachment of dtambeiB to the connecffve tissue of tiie body wall in the control group (Group 4). These 
results suggest that the diffusion of TGF-p torn the chamber Is responsible for the observed dmsrences in 
effect Asterile infiltrate of Infiarnmatory cells, conslsfing predominantly of macrophages. Is found in the serous 
fluid of TGF-p-treated chambers, wheroas contralateral placebo-treated chamberfiuld shows a predominance 
of polymorphonudear leukocytes* The contents of aO 40 chambers in Groups 1-4 shown bi the B^imple are 
tound to be sterile after Incubating samples of the chamber contents on brain/heart Infiision fbr 72 hr at 37*C. 
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A. Oneam 

Ingredients: * t^/^> 

Sorbitan monosteaials ^ • ^ 

Polyoxyethylene sorbitan monostearaie 3,0 
Cetylalcohd 

Li^t liquid parafHn 8.0 
Isopropy 1 mynstaie 



2.0 



Active substance. TGF-p-like protein 1 . 0-1 0" 

Prcqjylene glycol 2,0 
Glycerin 2.0 

^ Deionised water 7S.0 

Preservatives and other stabilize q.s. 

Heat the aqueous phase to 55-60**C. dissolve the adive substance In ft, and disperse the melted lipid ptese 
2S tn ft by v^orous sOring. Cool to toom temperature and homogenize. 

In a similar manner a cream comprising 0.01 to 20 iig/ml. respectively, can be produced. 
Of this cream 100 iil/cm^ of wound Is applied. 



B. Ointment 

Ingredients: % (v/v) 

Sorbitan trioleate 5 « 0 

Wax, ndcxocry sialline 3*0 

Light liquid paraffin 9 • 0 

Isopropyl myxistaie 10*0 

I^olin alcohols 3 • 0 

Active substance, TGF-p-like pto^ 1 * 0-1 0"^ 

Propylene glycd 2.0 

Glycerin 2*0 

Magnedum sulphate, hydrous ° * ^ 

Deionised water • ^ 

Preservatives <Ij»s* 

Dissolve the active substance In the aqueous phase, with gentle heaBng, and disperse the soIuHon In the 
melted lipid phase. Cool to room temperature and homogenbse. 

In a similar manner an ointment comprising 0.01 to 20 |ig/ml, respec^ly, can be produced. Of this oint-* 
ment 1 00 pl/cm^ of wound is applied* 
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C. Parenteral Solution 
Ingredients: 

Active Substance, TGF-p-like protein 
± Human Serum Albimiin 
Arginine or Glycine 
± Carbohydrate 
pH 



0.05 mg/ml 
1 mg/ml 
20 mg/ml 
5-20 mg/ml 
7 



Tfie carbohydrate Is glucose, mannose, dexbran, hydro^ethyi staroh or a ndxture thereof* 
The pH Is adjusted with phosphate, succinate, amino acids or a mbdure thereof. 
Vlafs with 0.05 mg TGF-p-IIke proteln/0.5 ml are made and lyophDIsed. 

Deposition of mlcrooixianfsms 

The following mIcHoonganlsms were deposited at »ie Deutsche Sammlung von Mikrooiganfemen (DSM), 
MascheroderWeg 1 b. D-Z3Q0 Braunschweig (FRG) : 



nucroorgamsmus 
RcoK LC 137A)FIAIu-hTGF-pi 
E^coK IjC 137/ipPLMu.hTGF-32 
RcoK IX; 137^PLMuJiTaF^3 
Saccharomvces cerevisiafi GRF 18 



deposition date 
Novembn 28,1989 
November 28*1989 
NovembOT 28,1989 
Maicli4,1986 



accession numb^ 

DSM5656 

DSM5e57 

DSM5658 

DSM366S 



SEQIDNo.1 

Sequence Type : Nucleotide with conesponding polypepfide 
Sequence Length : 339 base pa^rs 
Strandedness : double 
Topology: linear 
Source : human cDNA 

Immediate experimental source : E. coll LC 137/pPLMu.hTGF-p1 (DSM 5656) 
Features : finom 1 to 336 coding region forTGF-pl 
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GCC CTG GAC ACC AAC TAT TGC TTC AGC TCC ACG GAG AAG 39 
Ala Leu Asp Thr Asn Tyr Cys Phe Ser Ser Thr Glu Lys 

5 3.0 

^ AAC TGC TGC GTG CGG CAG CTG TAC ATT GAC TTC CGC AAG 78 

Asn Cys Cys Val Arg Gin Leu Tyr lie Asp Phe Arg Lys 
15 20 25 

GAC CTC GGC TGG AAG TGG ATC CAC GAG CCC AAG GGC TAC 117 
Asp Leu Gly Trp Lys Trp lie His Glu Pro tys Gly Tyr 
30 35 

CAT GCC AAC TTC TGC CXC GGG CCC TGC CCC TAC ATT TGG 156 
His Ala Asn Phe Cys Leu Gly Pro Cys Pro Tyr lie Trp 
is 40 45 50 

AGC CTG GAC ACG CAG TAC AGC AAG GTC CTG GCC CTG TAC 195 
ser Leu Asp Thr Gin Tyr Ser Lys Val Leu Ala Leu Tyr 
55 60 65 

^ AAC CAG CAT AAC CCG GGC GCC TC6 GCG GCG CCG TGC TGC 234 

Asn Gin His Asn Pro Gly Ala Ser Ala Ala Pro Cys Qys 

70 75 

GTG CCG CAG GCG CTG GAG CCG CTG CCC ATC GTG TAC TAC 273 
^ Val Pro Gin Ala Leu Glu Pro Leu Pro lie Val Tyr Tyr 

80 85 90 

GTG GGC CGC AAG CCC AAG GTG GAG CAG CTG TCC AAC ATG 312 
30 Val Gly Arg Lys Pro Lys val Glu Gin Leu Ser Asn Met 

95 100 

ATC GTG CGC TCC TGC AAG TGC AGC TGA 339 
lie Val Arg Ser Cys Lys Cys Ser 
^ 105 110 



SEQ ID No. 2 

40 Sequence Type : NudeofSd e with corresponding polypeptide 

Sequence Length : 339 t>ase pafra 

Strandedness : double 

Topology : linear 

Source : human cDNA 
45 Immediate experimental source : E. col! LC 137/pPLMu.hTGF-p2 (DSM 5657) 

Features : Irom 1 to 336 codfrig region for T6F-p2 



so 
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GCT TTG GAT GCG GCC TAT TGC TTT AGA AAT GTG CAG GAT 39 
Ala Leu Asp Ala Ala Tyr Cys Phe Arg Asn Val Gin Asp 

5 10 

5 AAT TGC TGC CTA CGT CCA CTT TAC ATT GAT TTC AAG AGG 78 
Asn Cys Cys JLeu Arg Pro Leu Tyr lie Asp Phe Lys 2lrg 
15 20 25 

GAT CTA GGG TGG AAA TGG ATA CAC GAA CCC AAA GGG TAC 117 
Asp Leu Gly Trp Lys Trp lie His Glu Pro lys Gly Tyr 
30 35 

AAT GCC AAC TTC TGT GCT GGA GCA TGC CC6 TAT TTA TGG 156 
Asn Ala Asn Phe Cys Ala Gly Ala Cys Pro Tyr Leu Trp 
is 40 45 50 



AGT TCA GAC ACT CAG CAC AGC AGG GTC CTG AGC TTA TAT 195 
Ser Ser Asp Thr Gin His Ser Arg Val Leu Ser Leu Tyr 
55 60 65 

20 



AAT ACC ATA AAT CCA GMl GCA TCT GCT TCT CCT TGC TGC 234 
Asn Thr lie Asn Pro Glu Ala Ser Ala Ser Pro Cys Cys 

70 75 

GTG TCC CAA GAT TTA GAA CCT CTA ACC ATT CTC TAC TAC 273 
Val Ser Gin Asp Leu Glu Pro Leu Thr lie Leu Tyr Tyr 
80 85 90 

ATT GGC AAA ACA CCC AAG ATT GAA CAG CTT TCT AAT ATG 312 
lie Gly Lys Thr Pro Lys lie Glu Gin Leu Ser Asn Met 
95 100 



35 

ATT GTA AAG TCT TGC AAA TGC AfiC TAA 339 
lie Val Lys Ser Cys Lys Cys Ser 
105 Tin 



40 S£Q ID No. 3 

Sequence Type : Nudeotlde with corresponding potypeptide 

Sequence Length : 339 base pate 

Strandedness : double 

Topology : linear 
4S Source : human cDNA 

Immediate experimental source : E. coll LC 137/pPLMu.hTGF-p3 (DSM 5658} 

Features : from 1 to 336 coding region fiQrTGF-p3 
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GCT TTG GAC ACC AAT TAC TGC TTC CGC AAC TTG GAG GAG 39 
Ala Leu Asp Thr Asn Tyr Cys Phe Arg Asn Leu Glu Glu 
e 5 10 

AAC TGC TGX GTG CGC CCC CTC TAG ATT GAC TTC CGA CAfi 78 
Asn Cys Cys Val Arg Pro Leu Tyr lie Asp Phe Arg Gin 
15 20 25 

10 

GAT CT6 GGC TGG AAG TGG GTC CAT GAA OCT AAG GGC TAC 117 
Asp Leu Gly Trp Lys Trp Val His Glu Pro Lys Gly Tyr 
30 35 

IS TAT GCC AAC TTC TGC TCA GGC CCT TGC CCA TAC CTC CGC 156 

Tyr Ala Asn Phe Cys ser Gly Pro Cys Pro Tyr Leu Arg 
40 45 50 

AGT GCA GAC ACA ACC CAC AGC ACG GTG CTG GGA CTG TAC 195 
Ser Ala Asp Thr Thr His Ser Thr Val Leu Gly Leu Tyr 
» 55 60 65 

AAC ACT CTG AAC CCT GAA GCA TCT-GCC TCG CCT TGC TGC 234 
Asn Thr Leu Asn Pro Glu Ala Ser Ala Ser Pro Cys Cys 

70 75 

25 

GTG CCC CA6 GAC CTG GAG CCC CTG ACC ATC CTG TAC TAT 273 
val Pro Gin Asp Leu Glu Pro Leu Thr lie Leu Tyr Tyr 
80 85 90 

30 

GTT GGG AGG ACC CCC AAA GTG GAG CAG CTC TCC AAC ATG 312 
Val Gly Arg Thr Pro Lys Val Glu Gin Leu Ser Asn Met 
95 100 



GTG GTG AAG TCT TGT AAA TGT AGC TGA 339 
Val Val Lys Ser Cys Lys Cys Ser 
105 110 
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Claims 

46 

1. Process forihe production of a dtmerlc, biologically active Transfomnlng Growth Facter^^ p (TFG-p)-nko 
protein or a salt thereof, compitelng subjetding the denatured monomericfonn of said TGF«-^ike protein 
to refolding condlttona. 

so 2. Process according to dabn 1 En which tfie refolding conditions Include a soIubQIzIng agent 

Process according to claim 2 in which the solubQI^ng agent Is seleded from the group consisting of a rnHd 
detergent, an oiganio, water-mlsclble solvent or a phospholipid, or a mbcture of two or niore such agents. 

65 4. Process amnimg to dalm 1 1n which tiia tnonomeric fonm of said TGF-p^ protein is produced by the 
steps of: 

(a) culfuring a microbial host comprtebig a nucleotide sequence encoding the TGF-p4Bce protein llnlml 
In the proper reading lirame to an expression control $ec{uence such that said pn^In b expressed, 
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(b) recovering the TGF-p-like protein En a denatured, monomeric, soluble foim. 

5. Process according to dabn 4 wherein the monomeric TGF'^IQce protein Is present as an Insoluble aggre- 
gate In the microbial host cells and wherein the process further comprises the steps of : 

5 (a) Isolating the water-Insoluble protein ftBC&on containing the TGF-^Ike protein ftom the host cells 

and 

(b) solubillzlng the TGF-p-IIke protein. 

6. Process according to dabn 4 In which the microbial host Is a yeast or a bacteriunnL 

7. Process according to dahn 4 In which the nucleotide sequence encodes a protein selected Ihim the group 
consisting of human TGF-pl, TGF-p2 and TGF-P3. 

8. Process according to claim 5 In which the insoluble aggregate is solubillzed at a pH of about 1 to about 4 
is and In which the resulting monomer of the TGF-p-like protein is purified by diromatography. 

9. Process according to dalm 8 In which the Insoluble fomi of the TGF-p^Ike protein Is solubOlzed at a pH of 
about 2.5. 

20 10. Process according to claim 5 in which the insoluble aggregate Is soIubUbed with a chaotropic agent 
11, Process actxsrdbig to dafm 10 In whlch.urea orguanldlne-HCI Is used as chaotrop. 
1Z Process acmirdbig to claim 11 in whidi the chaotrop has a concentration of about 4 to about 9 M, 

2$ 

13. Process accondbig to claim 10 In which a detergent Is used as chaotrop. 

14^ Process according to dalm 2 in which the nmnomer Is subjeded to rsfblding condition comprteing a low 
molecular weight sufhydryl/dlsutnde redox system in the presence of a sdubOizIng agent at a pH of about 
30 6 to about 10 and a temperature of about 0*C to about 37*C. 

15. Process according to dalm 14 In which the sufhydryi/dtsuHide redox system Is selected lirom file group con- 
sisting of glutathione In ite oxidized and reduced form, dithiothreitol In Hs oddlzed and reduced fonn, 0- 
mercapfoethanol In Ite oddted and reduced form, cystine and ite reduced famu and cystaim'ne and Us 

35 reduced fomi at a concentration of about 1 to 100 mlUI, wherein the molar ratio of the oxidized and the 
reduced form Is between 100 : 1 and 1 : 100. 

16. Process according to dalm 14 In whidi the suifhydryi/disulflde redox $yst^ is glutethlone In Ite oxidized 
and reduced form at a concentration of about 1 to 10 mlM, wherein the molar ratio of the oxidized and the 

40 reduced form is between 6 : 1 and 1 : 6. 

17. Process according to dabn 14 In which the low molecular weight wlfhydryVdl^jIflde redox system Is rep- 
laced by thioredoxin or dlsulfldelsomerase at a <x)ncentrBt!on of about 10 to 1000 pgAnl. 

45 18. Process according to da&n 17 In which the low molecular weight sulfhydiyl/disuffide redox system fs rep- 
laced by thiorsdwdn at a oonoenfiation of about 50 to 200 iig/mL 

19. Process accxirdlng to dalim 3 In whidi the solubllfsdng agent Is a mSd detergent 

£0 20. Procese according to dalm 19 bi which the mild detergent Is a non-ronfc. an Ionic or a zwitterionte deteigent 

21. Process according to dalm 19 In which the detergent Is selededfrom the group consisting of sulfobetaines, 
3-{3-chlolamidopropyi)dlmethyIainmonIo-1-propanesulfonate,3K3^ 

hydrroq^-l-propanesulfonate. digltonin* chelate and deo9vdidato ata concentration of about 1 to 100 nM. 

£5 

22. Process according to dalm 19 in which the detergent te 3-(3-chioIamIdopropyO-dbnet!iyIammonIo-1- 
propanesuHbnate at a concentration of about 30 mM to 60 mM. 
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23. Process accoiding to clabn 3 In which tiie soIubilfzJng agent Is an o^an!c, water-mteclble solvent 

24. Process according to dalm 23 In which the oiganlCp water-mlsclble solvent Is ac^tonitrile, a lower alkanol, 
or a lower alkandtol. ata concentration of about 10 fo 60% per volume. 

25. Process accoiding to dabn 3 bi which the solubllizing agent Is a phosphdlpld. 

26. Process according to dalm 25 In which the phosphoHpId te selected mim tiie group consisting of phosphati- 
dylethanolamtnop phosphafidyldiollne. phosphatldylserine and phosphafidylinosltole at a concentrafon 
range of 0.1 to 5 mg^ 

27. Process according to dalm 14 in which the pH Is about 8.0 and the temperature is about 4*>C« 

28. Process according to dalm 14 In whidi the refolding conditions additionally (emprise metal Ions at a con- 
centration of about 0.01 to 100 pM. 

29. Process according to daim 28 In which the metal Ions are Cu^ or Fet**- 

30. Process according to dalm 14 in which additionally Oz Is bubbled through the buffer ^stem. 

31. Process according to dalm 14 in which tiie sulfhydryl/dlsulflde redox system is glutathione In tts oxidized 
and reduced fbnn at a concentration of about 1 to 10mM» wherein the inolar ratio of the oxidized and the 
reducedtonnfel :1to1 :2,andInwhlchtiieso1ubnizingagentts3-(3-ch]oIamIdopropyOdIm^hylammonlo- 
1-propanesu1fonate at a concentration of about 30 mM to 60 mM. 

3Z Process according to dabn 1 1n whidi tiie dimertc protein obtained Is purified by chromatography. 

33. Dtmeif G, bidoglcally adive TGF-p*like protein whenever produced fay the process of daim 1 • 

34. A monomerlc, S-suHbnated TGF-p-IIke protein. 

35w The use of a monomeriq» SnsutfonatedTCF-p-like protein for tfie production of a dimeric^ biologically active 
TGF-p-l9ce protein. 

36. A pharmaceutical composition fxtmprfslng an effecthre amount of a dlmerlc^ biologically active TGF^p-Oke 
protein produ^d t»y the process of dahn 1. 

37. The use of a dimerfc. biologically active TGF-p-ISce protein In miiteble amounte and m a sulteUy acceptable 
pharmaceutical formulation, said protein produced by the process of dalm 1, for the production of a phar- 
maceutical proparationforthe treatment of wounds and bi bone and tissue repalroras a bone marrow pro- 
tective agent or mediator of cardio*pratection or for the treatment of cancer in a mammal, or for the 
production of an anti-Inflammatory or immunosuppressive proparation. 

Claims for the following Contracting States : ES, GR 

1. Process for the production of a dImerlCi biologically active Transforming Growth Factorfype p (TFG-p)4Ike 
protein or a salt thereof, comprising subjec^ng the denatured monom^cform of »Id TGF*0-Iike protein 
to refddlng conditiona. 

2. Process according to daim 1 in whIdi tiie refolding conditions Indude a soIubDbdng agent 

3. Process according to dabn 2 In which the solubllizing agent Is selected from the group consisting of a mSd 
detergent; an organic, water-^nlsdble ^Went or a phosphollpidp or a mbcture of two or more such agente* 

4. Process according to dalm 1 tn which the monomeric form of saU TGF-p-Dke protein te product by the 
stepsof: 

(a) culhiring a microbial host comprising a nudratide sequence encoding the TGF-^IIke protein llnk^ 
in the proper reading frame to an SEXprsssIon control sequence such tiiat said protein is expressed. 

31 



EP0433 225A1 



(b) recovering the T6F-p-Iike protein In a denatured, monomerii^ soluble form. 

5. Process according to claim 4 wherein the monomelic TGF-p-like protein is present as an Insoluble aggre* 
gate bi the microbial hc^t cells and wherein the process further comprise tiie steps of : 

(a) Isolating the water-Insoluble protein firactfon containing the TGF-p-IIke protein from the host cells 
and 

(b) soIubOlzIng the TGF-p-IIke protein. 

6. Process accoiding to dafm 4 in which the microbial host is a yeast or a bactedum. 

7. Process according to dabn 4 In which the nudeofide sequence encodes a protein selected firom the group 
consisting of human TGF-pl, TGF-p2 and TGF-p3. 

a. Process according to datm 5 in which the Insoluble aggregate is solubHIzed at a pH of about 1 to about 4 
and In which the resulting monomer of tiie TGF-p-IIke protein Is purHfed by chromatography. 

9» Process according to daim 8 in which the insoluble fbrm of the TGF-p-IIke protein Is ^ubHized at a pH of 
at>out2.5. 

10. Process according to dafm 5 in which the insoluble aggregate Is sdubOized with a chaotropic agent 

11. Process according to daim 10 In which urea or guanldlne^Cl Is used as diaotrop. 

12. Process according to claim 11 in which the chaofrop has a concentration of at>out 4 to about 9 M. 

13. Proc^ according to claim 10 in which a deteigent Is used as chaofrop. 

14. Process according to daim 2 in which the monomer Is subjected to refolding condition comprteing a low 
molecular weight sulfhydrylfdlsulfide redox system in the presence of a soIubD^g agent at a pH of about 
6 to about 10 and a temperature of about 0°C to about 37*C 

15L Process according to daim 14 In which the sulfhydryl/disulfide redox system Is selected liom the group 
consisting of glutatiilone In oxidized and reduced Ibnm. ditiilotiinslto] in Bs oxidized and reduced form, 
p-mercaptoetiianol In \ts oxidized and reduced form, cystine and its reduced form, and cystamlne and Ks 
reduced form at a concentration of about 1 to 100 n)M, wherein the molar ratio of tite oddteed and the 
reduced form Is between 100 : 1 and 1 : 100. 

16. Process according to dabn 14 In which the suIfiiydryVdIsuIflde redox system Is glutathione In Its oxidized 
and reduced fonn at a concentration of about 1 to 10 mM. wherein the molar ratio of the oxidteed and the 
reduced fomi Is between 6 : 1 and 1 : 6. 

17. Process according to daim 14 In M^ich the low molecular weight suIfhydryVdIsulflde redox system te rep- 
laced by thioredoxin ordteulfldel^omerase at a conrantration of about 10 to 1000 iig/ml. 

18. Process according to dalin 17 In which tiie low molecular weight sulfliydi^dlsulflde redox system Is rep- 
laced by thioredojdn at a concenfmtion of about 50 to 200 pg/'ml. 

19. Process accwidbig to datm 3 in whldi the solublltsdng agent Is a mild detergent 

20. Prooessaccordlng to daim 19 In which tiie mild deteigent a non-Ionlo, an ionic orazwittertonlcdefargent 

21. Process according to dafm 19 in which the detergent Is selected firom the group consisting of sulfobetaines, 
3-(3-chloIarrtIdopropyOdlmetiiyIarnmonIo-1*prapanesuIfonate,3-(3HSM^^ 

hydn»qf^1*propanesulfbnate, digltonin, diolate and decn^diolate ata concentration of about 1 to 100 mM. 

22. Process according to dabn 19 bi whidi the det^ent fs 3-(3-diIoIamidopropyl)-dbnetiiylamnK)nIo*1- 
prof^nesulfonate at a concentration of about 30 mM to 60 mM. 
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23. Process according to claim 3 in which the solubHfzfng agent is an oiganlCp wateMmiscible solvent 

24. Process according to claim 23 In which the oiganlc; vt^er-misclble solvent Is acetonibtle. a lower alkanol, 
or a lower alkandfol. at a concentration of about 10 to 50% per volume. 

25. Process according to clabn 3 In which the solubllbdng agent Is a phospholipid. 

26. Process according to daim 25 In which the phospholipid Is selected from the group conslsCng of phosphate 
dylettianoiamlne. phosphatidylcholine, phosphaHdylserine and phosphafidyllnosltoie at a concentiafion 
range of 0.1 to 5 mgftnl. 

27. Process according to clabn 14 In which the pH Is about 8.0 and the temperature Is about 4"^?. 

28. Process according to daim 14 In which the refolding conditions additionally comprise metol ions at a con* 
centration of about 0*01 to 100 iiM, 

29. Process according to claim 28 In which the metol ions are Cu^ or Fe^. 

30. Process according to cla&m 14 In which additionally Q2 Is bubbled through the buffer systennL 

31. Process according to dabn 14 In which the sulfhydryl/dlsulflde redox system Is glutathione In its oxidized 
and reduced fonm at a concentration of about 1 to 10 mM, wherein the molar ratio of the oxidized and the 
reduced formlsl :1to1 :2pand In which the solublltzing agent is 3-(3-chioIamidopropyOdlimethylanr^ 
l-propanesultonate at a concentration of about 30 mM to 60 nM. 

3Z Process according to claim 1 1n which the dimeric protein ot>tained is purified by chromatography. 
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